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n HUMAN FACTORS SYSTEMS PROGRAM 
770 Director of Biotechnology and Human Research 

49 h m a n  P e r f o r m a n c e  & Behavior Subprogram 

01 PERCEnlON T A N  AREA 

21.77-77&100494141 Wsurohoraonal Studlot as Rehtod to Spxo flight Stnssor 
4 e s  

Neurohormonal aspects of brain mechanisms ond stress. 
. (1) To identify the neurohormone from the hypothalamus which releases ACTH from 

the pituitary. Evidence so far indicates that this is Vasopressin (ADH). (21 To assay 
Vasopressin in brain tissue, in jugular blood and in CS fluid in animals under 
various physiological afid "unphysiological" conditions such as physical and 
psychological stresses. W) To investigate the mechanisms by which Vasopressin k 
relesscd from the hypothalamus under stress and role of Vasopressin i n  the 
synthesis and dcgrcdation of ACTH (with Dr. Stanley Ellis). (4) To measure adrenal 
steroids and catecholamirw in blood and urino in animlr and mul under &as, 
conditions. 

21-77-n0100494142 P i t i l h y  cbrmlstly 4 m u  
To determine tho nrturo of tho chemical nd physiological 

mrdunisms rosponsible for the bioqnthetis, storage and u u o t i o a  of pituitaty 
bamrono with psrticulu reference to tho affects ot rtnwr urch as may bo 
oncountered during manned rpaw flights. 
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21~77=170-100490103 Reseanh In Cerebral Meurophytio1ogy;ad Ib Applkatlonr 

TO pursue cerebral neurophysiological studies includir. 
0) the feqsibiljty of placing recording electrodes in deep 'brain structures, (2) e& 

effects on brain electrical activit , (4) chimpanzee neurophysiological and be- 
havioral studies, (5) application 0; EEG recording to manned space flight, and 
(6) computor studies of LEG data. 

in Monitorint Behavioral States 4 m e r  

#--. ICLIS Jf  vitiriiijfial st iesjas on t i i i n  cieciiicai activiiy, isj studies of tmmic i a i  

-Hd0 1077.7701Q0(6010(1 Coatnl*Nenous Sysbms 
To con&+ a nourophysiologid analysis of the "electro- 

narcosis" phenoenr  with the aim of understanding tho mcchnirmt for tho 
physiologiul nunipulrtin of cons- 
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77 HUHAN FACTORS SYSTEMS PROGRAM 
770 Director of B i o t a c h n o l o g y  and Human Research 

49 Human P e r f o r m a n c e  a Behavior S u b - p r o g r a m  

01 PERCEPTION TAU( A K U  

1077-7701W00157 Central knout System 4 d q t  
Study the basic physiological mechanisms which defined 

the human body against heat and cold, and to determine the extent and efficiency 
of energy transformation In the human body and in isolatcd body constituents at  
the molecular level. 

1077J741W-4W1.09 Gutmlnt~~tiUi md N-blk --Hw 
The precise caloric, protein. and water requirements will 

k studied in 16 young male individuals per year. Individual amino acid, caloric, 
md water requirements will be studied under controlled baseline conditions. 
Altered requirements due to changes in pressure, temperature, activity, and 
wearing of J full pressure suit will k studied using the AMRL Space VebKk 
tnvlronment Simuktor. 
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02 ENVIRONMENTAL )HYSIOLOGY TASK AREA 

10-77-770.100-990201 Ion Effects on Man d d @  
Analyze the existing experimental data on man and ani- 

mals to determine the effects of positive and negative ions in order to either 
write habitability requirements for prolonged confinement In space cabins or 
indicate avenues of research that must be pursued in order to determine adequate 
design criteria. 

21*77-77O-loM90241 Wtlon, ClfcdatiO@ rp1 RWCphth l d t r  WtdMd k- 
okntlor -Amea 
Sustained linear acceleration regardless of how applied 

to the body affects advenely the function of the respiratory, cardiovascular and 
visual systems in the body. Past investigations have delineated the nature of 
these effects: It is necessary to further investigate morr specifically the character 

tnd magnitude of these advene effects in order to determine tho ideal p h p i u l  
orientation of the pilot in relation to the motion of a vehicle so .f to psnait 
the optimum physiological performance. 



1077-770-1004902-02 Accsleration - -Ha0  
To analyze the role and function of the vestibular canals 

and In articular to study the relationships between rotational stimulation of the 
kbyr in8  and the variables of circulation and respiration. 

21.77.7791M-480202 Study of Lonz-Term tmtc of Low 6-loadlng on Mammal8 
(mlce, rats, etcJ --knes 
To study the effects of long-term exposure to an altered 

C environment By centrifugation) of various mammals including mice, rats. Physio- 
logic and biochemical effects will be measured to delineate those respenser which 
are &responsive. Control data as well as test animal data will ultimately be 
applied to setting up specific experiments for sustained zero 6 studies. Adaptive 
changes In the homeostatic processes will be followed In supra one G adapted 
animals when they are returned to normal G environment. Intracellular effects of 
sustained G loading will be studied particularly changes in fat and carbohydrate 
metabolism of mitochondria and protein metabolism of isolated microsomal 
fractions. Alterations in blood and tissue isoenzymes will be studied. Metabolic 
studies both at the whole animal level as well x the tissue and allular levels 
will be followed with labeled substrate. 

1077-77010010atQ3 Accelention d d f l  
To take the existing information @th .anal?ical and.re  

search, and summarize all the acceleration effect$ that is. including .positive, 
negative, h i g h 4  random4 (tumbling) and acoustics !vib!ation and noise), a,nd 
their effects on man in order to determine design criteria. as  well as to point 
out.effects of research required to answer problem areas for future aerospace 
vehicles. 

21-77-7701M490203 Mtbbolism of Animals I( Ilmuewl by S p w  CnrlroP 
me~W Conditions -Amos 

fhr purpw of this research Is to undertake I study of 
UW total body metabolism of mammals under conditions which simulate prolonged 
S p a  voyages to &termlnr whether environmental conditions e m n t e r e d  d t e r  

normal pattern 

1077-~70100490204 Accelerauon 4 Q f l  
To determine the mechanisms by which force fields wi!l 

produce disorientation and functional disturbances by their effects upon the SL' 

clrcular canals and otolith organ8 of Uu inner ear. Nom1 a d  altered vrttibular 
?ux!ion will be studied 

21.77-770100490200 Radlatlon ~os~ml try  and Msnunmeat 4 8 s  
TO develop techniques and devices which will Improve 

the basic understanding of the interaction of radiation with living organisms and 
provide optimum design criteria for satellite instrumentation 
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+* 1077-770lOMQO2-05 Radbtloa 
Contractor will devel,op a technique for calibration of 

different types of radiation on a scale showing dose vs. cell destruction. It is 
planned to establish a common unit (linear Energy Transfer) as an index of cell 
destruction (various radiations will, show various LETS). Study is effected to 

rovide a unifying indicator for radiation damage for a mixed or pure spectnrm ! prime objective appears to be fabrication.of instrumentation that will measure 
thr absorbed dose within I scattering medium of yeast cell% 
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21-77-770.104400245 Theo!etical Study of High  Emm Radiations h Re- 
to Biological Systems -Amat 
Physical characteristics of high energy radiations in space 

will be compared to those of man-made radiations in order to predict equivalent 
biological changes. Tolerance limits of the central nervous system for heavy cosmic 
ray primaries will be estimated and related to other deleterious effects which 
bo mitigated by drugs or local shielding, 

'task Fern 1.1 FFORT 
D.,.. law. 1 I 6$"& 1 I 63lc,i* I 1 *HEl.* cmw 

;;$!::: M A L  1 CH C W X 

T d l r m o  N E W  YI y#b M 1.5 I., a5 
. 

W 0 - 

. 



77 HUMAN FACTORS SYSTEMS PROGRAM 
770 Director of Biotechnology and Human Research 

49 Human Performance 8 Behavior Sub-program 

0 )  ENVIRONMENTAL PHYSIOLOGY TASK AREA 

1617.7701004902-08 Radiation d d q t  
1. Study biological effects of 730 Mev protons (184-inch 

cyclotron). 2. Study biological effects of heavy ions up to 30 Mev per nucleon 
(88" cyo). 3, Study proton and other heavy ion interactions with potential shield 
materials and other spacecraft components. 4. Basic molecular and cellular effects 
of accelerated particles. 

21-77-770105490208 Space Physiology (txtensloa of NsO 134611 -&nos 
To establish base-line data on physiologlcal parameten 

of function in mammals under conditions which simulato thou to bs found within 
a vehicle in interplanetary flight. 

21.11.775100490208 Effocts of High 8 Loadlag on Yetabolha - h e 1  

olism of m h .  
To dotormine tha offocts d hif i  Glording 00 thc mtab 

1077-7701004902-01 Radiation d m  
1. Species correlation, rincipally mammalian, of biological 

offetts of high energy proton irradiation, partia! and whole body. Work to be corn 
ared with revious studies using neutron, x- and gamma radiation. 2. Calculate &o and R E R  doses in human phantoms as a function of radiation energy. 3. De- 

termine physical parameters which may be correlated with biological damage. 4. 
Develop practical physical methods to measure radiation hazard to nun and b i e  
laniul systems. 

~1-n-?70-105&0247 Pathological Studies on the Brrlns of Mke and OM 
Monkey to be Exposed to Cosmic Radiation in H I 0  Altitude 
Balboa Fligbtt d r n t r  
Extension of Project R-26: To cover cost of serially see  

tuning the brains of the increased number of animals flown in ballosn flights. on 
O W ~ 1  Project. This means processing and analyzing 90,OOO more hiSlOlOgd 
Ilia than *It previously covered in the initial statement. 

1077.77010&4802.09 Pndomlaatlng focal flora Ir Mu --HW 
To utiliro en rnaeroblc tschnlque to isolate intestinal 

flora bacteria, in subjects that aro under normal conditions and subsequently 
placed in spaw flight environments. The study will evaluate UM Influence of 
space conditions on the baknco of man's intostlnrl flora and man's reaction to 
any change In this balance. 

21-77-7751OM90249 Huteopathological Study of tho Effect of  flrslon Frag- 
ments on the Central Nervous System and Solected Orfan, 
MAS 24336) - h e r  
To stu the biological effects of energetic. massive. 

fragments actually generated within the bodies of the rats. The cellular effects of 
thr fission fragments will be studied histo atholo icaily. The toxicity of corn 
pounds containing uranium and plutanium wi& also 

highly charged particles on rats. ? .he cosmic particles will be simulated by fission 

determined 
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1617-77@1OO-WO2.10 Noa-lonlzing Energy Fields 4 d q t  
To analyze the existing animal and human data in high, 

low. and nul magnetic fields for application to design of manned space ryrtems 
ad point Out possible human research requirements i f  magnetic field effects 
UO Mf sdflciently understood and documented. This study will be coordmted 
With the PreSent study on magnetic fields on animals sponsored by NASA 8 1 s  
dewoh ud with current work being conducted by the Atomic Energy Commisuo? 
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and other agencies. To determine the effects and precautions required for life 
In environments containing abnormal levels of non-ionizing energy such as ultra 
hepuency, radio frequency energy and light (laser emission, etcJ. 

1477-7701W802-12 Atmritpherlc Ccnditiont 4 d o t  
Determination of the possible neuropathological effects 

of prolonged exposure of rabbits and mice to a 100 per cent oxygen atmotpharr 
I 

21~77-7701w1484210 Parametrk Study of Fllght-induced Pulrnonaty PlthOlOPr 

A series of experiments will tt conducted for determin- 
Ing the environmental conditions associated with the wlmonary pathology ob 
served In  pilots of high-performance aircraft. Selected ,iurnan subjects wil l be 
centri!uged through an analogue of the Apollo reentry g profile, while systematic 
variations of the following parameters are imposed: breathing gas pressure; 
breathing gas composition; and the duration and direction of g-loads. Sufficient 
measures wi l l  be employed to describe the physiological condition of each subject 
during the experiments. Resulting data will be analyzed to determine the conditions 
that induce pulmona patholo and the phpological changes that induce, of 
are waclated with 2 onset $the pathological response. 

-A;?ss 

1077J701OWBo2-11 Woo-lonlzhg Ensrpr Fialds -HW 
To study the effects of high and low magnetic fields on 

rnimals and human kings. 

An experimental investigation of variations of the electro- 
p w r o p h ~ i o l o g l u l  correlates and task-performance under conditions of controlled 
rtbwrli. It is p l y d  to use both pigtail m n k e p  and chimpnlee. 

21.77-710.fW4S-02-12 BlOlOglCll Rtreucb Wltb Hem lo# BeiUW -ku 
Biological Research with Heavy ion B e w .  

1077-7701OMBo243 Atmospherk Conditions -Ira@ 
Study of the. metabolic, biochemica;, biophysical, and 

histologic characteristics of oxygen toxicity in isolated ttsruer of animals ex sed 
ta 100 per cent oxygen at atmospheric pressures varying from 7.4 psi tu 14.Fpsi. 

21-77-770lOMBQ2-13 Dosimetry of High Energ Radiatba --brr 
Dosimetry of High Energy Radtatioa 

1077-7701004902-14 Atmospheric Coaditiou a d q t  

a 100 per cent oxygen environment 
To .study the hematolcgluJ -*Vrr 8ffm of 



77 HUMAN FACTORS SYSTEMS PROGRAM 
770 Director of Biotechnology ond Humon Research 

49 Human p e r f o r m a n c e  8 Behavior S u b - p r o g r a m  

2f;tj.770.iUiji&Q2-l4 PostMortem Cl!nical Analysis e! BIc!&al Spaclmens 
-Arne$ 

Postmortem chemical analysis of biological material will 
be undertaken to establish the antemortem status of individuals in closed space 
sfitems. New biochemical methods and techniques will be developed for this 
gurpore. 

1077.77010M902-15 Radiation 4 d q t  
This project is a continuation of ten-year observations on 

sonu 475 irradiated end 104 control primates throughout the remainder of the 
primate's life for long term effects studies in ataractogcnesis, bngwity, and 
wc*mgenesi r  

1 077-7701 W-4802-16 Radiation 
1. Measurements of dose and depth dose distribution 

produced by protons of various energies. 2. Determination of effects of proton 
irradiation in animals. 3. Provide dosimetry for proton irradiation of biological 
runplu 4. Calibrate solid-state detectors for future uta as active dosimeters. 
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- 1&n-7741044942.17 Radiation -w 
To study the modification of ionizin radiation effects in 

pthbs With transfusions of the specific blood cell types in flematopoiette tissue. 

b I 

10-77-770-100-4902-18 Acceleration d d q t  
To investigate the interacting effects of hydrostatic pres. 

sure and low temperature upon the reanimaiion of infant and rdult mammals in 
hypothermic suspcndcd animation after removal of t re  gas phase. This w i l l  bs 
carried out in a static hydraulic pressure chamber to remove the complicating 
effect of acceleration as reported in the preliminary study. The additional effect 
of acceleration will then be studied in the centrifuge. 
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1077-77010049-02-19 Environmental Physiology 
1. Study biological effects of 160 Mev protons, principally 

on neurological tissues, with emphasis on the brain. 2 Study proton interactions 
with potential shield materials and other spacecraft components. 3. Basic mole& 
ular and ccllclar effects c f  160 Mev acce!erated particles. Thb task wil l  br 
closely coordinated with HQ and AEC. 

-nd*  107?-770!00-49-02.20 Radiation 
I. Ascertain if carcinogenesis will result from exposure 

$ either cosmic,radiation and/or the Van Allen radiation belts. 2. Improve pro- 
dictions concerring hazards of space travel. 

1077.77410449-02-21 Free. Spaccdxtravebkular and Surfacr bvlraamantal 

1. Establish base line data on physiological parameters 
of high level mammalian organisms under conditions corresponding as closely as 
possible to those in a flight vehicle in the interplanetary environment 2. Develop 
ment of sensors to accomplish #i above. 3. Dev. of prototype deviw for wm 

pletely isolated ho:ding (with minimum restraint, and remote o h n a t i o n )  of 
malt as though they were in space. 4. Establishment of new studies in shunitm 
and physical level of Biology. 

Studies -wt 
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03 BIO MEDICINE AND PERSONNEL S E L E C T I O N  TASK AREA 

1077-7701004943-01 Phirnxolog,  Prophylaxis and Thcra?y -Hdqt 
To determine the differential localization of thiethylpero- 

rine in cellular areas and i ts specific localization within the fine structures of 
cerebellar cells. 

21.77-770-1OMS4u)l Ocular Impedance PlethysmogaiJby -&Ilea 
To ascertain the possible capability of measuring changes 

in intraocular tension of ths eye (similar to  that which takes place in glaucoma) 
when a subject is placed in a stressful situation such as sustained, impact OT 

vibratory acceleration. 

05 H A B I T A B I L I T Y  TASK AREA 

1077-7701LW4904.01 Natural Rhythmlc and Circadian Patterns --HW 
To study the relationship of diurnal cycles of physiological 

functions and performance under conditions of constant environmental and shifting 
time schedules. 

21-77-770-1004904-01 Audltory Perception During Space Mission - A m a  
Work performed under this task will (1) determine audi- 

tory requirements of space system operation (FY '63) (2) identify potential prob 
lems of auditory sensation and perception due to anticipated mission conditions 
(FY '63) and (3) perform research pertinent to the solution of these problems 
W '63-'64). Laboratory methods will be employed to provide needed information 
concerning basic auditory processes, to specify man's capabilities and limitations 

in eudition, and to develop and evaluate space system hardware which involves 
the auditory process. Contracts (contractor not yet determined) will be awarded 
to  study specialized aspects of auditory processor. 

1077-77010MOOUIZ Toxicology -Ilm 
To partially support the Toxicology Center and the Armed 

Forces-NRC Committee on Toxicology in order to obtain Information and advice 
concerning toxic fuels, combustion products, and trace contaminants that u e  
Ululy to be involved in manned flight operations. 

2%77-7701004&04 Effect of Rouph Air on Aircrzff Crew Performance A R C  
Using sirnulatar setups which provide motion. the per. 

formance of an observer doing tasks pertinent to a low altitude surveillance mission 
Wil l  be measured under conditions simulating fli:ht in various leveis of rough air. 
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23-77-77010049oca1 Studies of Man in a Rotating Lavironmeat 4 C  
To determine human tolerance and adaptation to rotation. 

The results wil l  be useful in manned space statmn design. 

a d #  1077-77&104490402 Information Reception L Tmnrmlssion 
To analyze the structure, function and performance of 

blosensors and compare these biomechanisms with their analogous physical trm 
ducers in order to evaluate applicability to instrumentation design. 
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77 HUMAN FACTORS SYSTEMS PROGRAM 
770 Director of B i o t e c h n o l o g y  and Human Rcreaxh 

49 Human Porformanco L Behavior Sub-progrom 

04 PSYCHO.PHYSIOLOGY AND BEHAVIODRAL SCIENCES TASK AREA 

21.77.770-10M84442 
Work performed under this task wi l l  (1) determine visual 

repolrcments of space SYStCm,oPeration. (n '631, (22, identify potential problems 
of visual perception due to anticipated mission conditions (M '63) and (3) perform 
research to solve these problems (M '63-64). Laboratory methods and ground. 
bSeG iirnu!a!on wi!l be tm:loyed to provide needed ic!orma!lcn c"nce:nia: b n l c  
visual processes, to SPeCiX man's capabiljties and limitations, and !o develop 
and evaluate s p l o  system ardware lincluding information displap) whlch involve 

the visual rocess. Where appropriate, expcrlmentr will be developed to be cor). 
Q d e d  un&r .actual space operating conditions. Contracts (contractor not yet 
&ermined) will be awarded to study SpdCiallUd ape& of visual performance. 

Vlsual Peneptlon During Spxe Missions +mar 

2 N 7 - 7 7 9 1 O M W 2  Deteminatioa of Yirual Lulty -lRC 
To dotarmine visual acuity with regard to such tasks u 

* depth perception, closure rate perception, angular rate perception, target acquisi. 
tion, ete, with regard to such space OprratiOrU u rendezvous, dpcLioe lunu 
trndlng, etc 

19~.7791004490443 Cerebral Mechnlsms --Hdgt 
To develop techniques for the recording of brain wave 

Ktivfty in primates during space simulation stresses, including techniques for 
h p  arid surface electrode implantation, the establishment of EEG baselines for 
Wbw physiological states, and techniques for dah reduction and analysis. 

T.* f- 1.1 EFFORT 
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1477~77&10M9-04.04 Cerebral Mechanisms --Ha@ 
To develop techniques for the recording and analysis of 

brain wave activity in primates during space simuirtion Stiesses. The scope of 
the work includes development of implantation methods for surface and for deep 
electrodes, the establishment of baseline data for EfG in the primates in all 
normal states including emotional arousal, application of data reduction techniques 

to the EEG recordings, including computer analysis. The project aims ultlmateiy 
8t the utilization of EEG as a measure of the ability of a primate or a man to 
perfom under conditions of space travel. 

23-77-7791004OOHIl Examlnatlon of Methods t.. Simul,.,ng Zero "G" -lRC 
To develop devices for creating the sensations of zero "g" 

for relatively long periods of time (one hour or mord and to study nun's abiiiiy 
to perform asks under these conditions. 

25.77-7701004905-02 Human Behavior and Performance D I U ~ ~  Simulated Lo 

To study crew behavior performanu under conditions 
simulating bngduration space missions with the objective of mung any beleteri- 

Duntlon Missions 4 2  

- _- c .  

OUS tff eCk 

51 Physical Biology Sub-program 

01 BIOCHEMICALS TASK AREA 

1077-779104514101 Effects of Isolation, Stnrow D i p r i r r t b l  L Sensofy 
Rearrangement --Hm 
The investigator will stua the effects of sensory rear. 

rangement, specific sensory deprivation & Isolation factors 01 basic sensory 
thresholds, including the analysis of evoked potentials 6 P h W b g k a l  ind ica 
KEG, EKG, GSR, eta. 
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21~~-~70-1oMOo(Q3 Detlsion Making in S p a  Sptera Operation -Amas 
Work performed under this task will (1) determine re- 

+menh for judaments and decisions associated with space system OperatiOn 
fl ,631, v) identify potential problems related to the ope!ation of such systems 
(rr ,63); and (3) perform research pertinent to the soiut!on of these problems 
(FT 064). Determination will be made of man's capabilities in responding both 

the 0rd:nary and to uaexpected evenb of space missions. Both laborato 
mthOd& and grOund-based simulators will be used. Where aDDroDriate. researx 

8 



11.77.770-100-510101 Skilled Performance in Space Vehlcle Control 4 m : s  
Work performed under this task w i l l  (1) determine re- 

quirements placed upon the space system operator for complex motor skills per- 
formances (M '631, (21 identify potential problems related to the operation of 
systems requiring such skills (Ff '63), and (3) perform research pertinent to the 
d:ve!cpmrnt e! maximzlly effective systems IFY '63-W. Both laboratory methods, 
and ground.based simulators will be employed. Where appropriate, research will 

be conducted under actual space system operatlng conditlons. Contracts (con- 
tractor not yet determlned) will be awarded to study specialized aspects of skilled 
performance. 

------ 
E m u  ALJOS S G  I E N T  I F I C -  kyGr C A L  

10-77.770-100-514142 Handbooks of Human Factors Methods --Hdqt 
The contractor will provido a study to.determine the rb  

puirements and methodology for human factors system engineering and design for 
aerospace sys:ems, manned ar.d unmanned. 

21-77d70-100.514142 Communication in Space operations 4 8 S  
Work erformed under this task will determine require- 

ments for, and anticipated probems of communication within the space envirob 
ment, and among launch crews on earth. A mathematical approach wi l l  be employed 
evalcating sptems in use and specifying adequate communication systems for 
future use in accordance with both mission requirements and human capabilities. 
The adequacy of communication sptems in task performance will be made in the 
laboratory, under simulated operating conditions, and in the actual operabod 

environment when this is desirable ana possible. Contracts (contractor not yet 
determined will supplement in-house work in specialized areas of communiwtions 
research 

1077-770100514143 Biological Mechanisms 4 4 9 '  
To review biological mechanisms for application to in- 

strument design. The cost increase resulted from an increasa in overhead rates 
from 165% to 180% and a G&A rate of 12.5%. 
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21-~7-77&100.51~103 Pilot's Abllity to Cope with Suddoa Changes la thc Con- trolled Elemeot d m e s  

To determine the ability of the pilot to cope with 01 
adapt t o  abrupt changes in stability and damping such as stability augmenter 
failures; abrupt chances in information input, specifically transition from IFR to 
WR and from normal to emergency display modes; and abmpt changes in control be- 
havior, id., engine or power control failure andlor control surface damage. These 

situations will be created on motion simulators ana In nigslc wiin variauic-swII 
aircraft to determlne how the pilot adapts and what the quantitative limits 
his abilities are. 

1077-7701005141Ql Charactrrlrtlcs of the Segmeata of tbe Human Bod: 
4 

for more accurate anatomical information in developn: 
of restraint and protective systems, the investigators will determine mass, dens 
and center of gravity of 15 definitive body segments in 12 cadavers anthropon 
dully comparable to tha Air Force flying population 

2l-77.770104514144 Application of Rellabl!ii Theory to . the Allocation 
Fuactm Between tba Pilot and the Vehicle System- 

To develop analytical and experimental means for de 
mining the reliability of competing manual and automatic control systems 
midcourse and re-entry control of space vehicles. Procedures will then be de 
oped for using these determinations to assess the optimum allocation of con 

functioi between the crew and the vehicle system, and to assas the increasi 
probability of mission sums resulting from full uu of thr crew'  control. m 
toring and deciiion-making abilities. 

1077-770100.514145 Biological lahanitnu -1 

since exowtion of original contract 
Additional funds required to cowl inueaso in over1 

. 
\ 



77 HUMAN FACTORS SYSTEMS PROGRAM 
770 Di rec to r  of Biotechnology and Human Research 

51 Physical Biology Subprogram 

01 SIOCHtMIUU TASK AREA 

21-77.77MC35101.05 Probltn bas k toc la t rd  elth Flight Through luhu!ent 

To consider the following zspects of flight through tur- 
bulent air, specifically the AX, TFX, and SST mission profiles: (a) Control system 
feel requirements, stability augmentation. gust aiieviation; b) Crew stztion dcsign, 
including restraint; (cl Display requirements; 0 Longterm effects on pilot and 

crew performance; (e) Passive pztsenger comfort and tolerance levels and (0 Sim 
ula:or requirements. Motion rimulttors tnd an UF will be used in conjunction 
with the W timulotor. 

Air . - h a t  

I 

21.77-77410W141oS Yett lhulu Kotlon Curt Used by the Human Pilot -Am#$ 
Thresholds and rezction latencies for perception of an- 

plu motion have been measured on Ames test pilots to limits feasible on existing 
S'Bf-freedom device. Specifica:ions tar more sensitive equipment have been pre- 
pared. Tests will be repeited on this, on Ames Space Flight Guidance Facility to 
determine effects of steady acceleration (1465) and in actual flight to determine 
rffects of environment and combined unlimited maneuvers (1964.9. Thresholds . 
and characterlstia of visual perception of motion will also bo determined to we 
how It relrter to  the vestlbular functions. Thr effects of combined inputs and 
emergency rtrruu on rmgn i t i on  and Iatrncy wil l  also bo determined. 

21-77-774100-510107 Human Pilot Eontml Pmbkms in a Yanntd P h e t u y  
landing 4 m e s  
By piloted simulations and flight te'sts to determine the 

proper function of the human operator in a planetary landing system (atmospheric); 
to dete~mine what characteristicr.shouId be built into the vehicle and its system 
for optimum performance and reliability; to  determine requirements for adequatr 
research and training simulatm. 

21=7?d70-1C0-514109 !!cml?n Pi lo t  CJRt rO l  Pmblms la t Manual Abort of a 
lunar or Plznekry kilsrlon -AIMS 
By analytical studies and pi!s::l simulations to consider 

feasible control and navigation techniques under likely :mI, conditions, to deter. 
mine optimum alloc~tion of function between pilot an,: vehicle systems for reli 
ability and pe?onnance; to determine requircments fx adequate research and 
training simulation. 

I 

211.~-77&10031i11.10 Effects of Individual Environmental ftnrrrr of S p r c  
-Amos 

To use closed-loop simulations with a human pilot placed 
in  various NASA and DOD single-purpose environmental stress facilities to determirtt 
the effects on human performance of linear acceleration; short term weightlessness. 
vibration, impact, heat, pressure, and crew space habitability. A standard pilot 
task is used on centrifuges, Daisy track, hrat and vacuum chamben. vibraCior 
device at WADD, and so forth. 

Flight on Human Pilot Perfonance 

. 

21-77.77010051~1.11 Biological Contml Syttt8lS-A C o m p r r b a r h  and Critical 
Rsvlrw of tbe Fitld -&os 

To make a comprehensive rwkw of the current s t a t 4  
knowledge in the field of biological control system hview will includ&(I) ap- 
praisal of experimental programs, (2) evaluation of V.? state-ofdngineering, md 
0) discuuioo of the potential applicability of know;G;e gained. 

21.77-7701CO-5141-12 Utlllutlon of Bloelrctrk hut lab.  b p p o t t  Pbaso I 
d e r  

To establish the feasibility u ihe utilization of the B i  
rkct r ic  Potentials 1s a primary energy sourca for m a t e d  electronic devices. 



"1 . 
02 INFORMATION ACOUISITION TASK AREA 

1077~77&10&51.02-01 M-MIC 4 d q t  
To cover the cost of operation of the Man-Mxhine In 

formation i d e i  for t~ yelf. 

21;17-7?04C0-510241 O;era!or Selection far S p a  A!lssions -Aries 
Work performed under this task will develop methods for 

selecting individirals for the performance of space missions. Man's activities in 
space system operation, and the conditioas under which performance wiil occur, 
will be analyzed to deiermine requiremenis to be satisfied by the selection pro- 
cedure. Methods of selection will be developed. Tests of man's response to 
conditions expected in space system operation (including inter-personal inter- 
actions) will be made In laboratory facilities and in ground-based simulators. 
Where appropriate, research will be conducted under actual space system operating 
conditions. 

23=77-77010&514241 OneMan Vehicular Loconotha - U C  
To study the system requirements and pilot ability to 

control and navigate himself under zero gravity as in operations between and 
about orbiting vehicles. Analytical studies and simuiations will be performed. The 
problem of rescue will also be studied as a special cdsa. 

03 CONTROLS & OPERATIONS TASK AREA 

1077-77810051.0201 Rcnatc Control System -w 
To determine the role of remotely controlled systems in 

future space missions, to define the various configur;t;ons such systems might 
take, and to recommend the development of advanced technolog which can b 
utilized in the selection of specific systems for particular m i u b n r  

21-77.770-1CQ.510341 Developncat of Phy:lological Montlorinp Equipment for 
U:e i n  I ,Xicr ,  F!i:ht Sinuktxs and Aircraft - A m  
To provdo ncCi;;i mcni!orina equipment for the motion 

flicht s i ~ u l ~ t o r s  at  the Anes R2:errch Center, end for use in aircraft such as  the 
FlGOC at the Flizht Rcseaich Center and a bjck.up system !or the X.15 aircraft. 
This program will ptrrnit refinement of the currently existin equipment with a 
view towxd: irt bein:( u;linz:c;y cvai!:t!c !or rib!!ing a n i  space vchicler. A 
letter of reguest from FRC to A X  dated 10127161 requests this equipment. 

I .  

24-17-770-103-514341 Crew-Aircraft lntezration -mt 
The objective of this task Is to investigate the effect of 

mission requirements, crew number, and environment upon crew-aircraft mtegntron 

10-77-77810051.OMZ Evaluation of Advanced lotagratad Display L Conb'ol 
Systems 4 d Q t  

The contractor will review contemplated manned space 
missions subsequent' to Apollo and establish a generalized mission tnvelope to 
same as a basis for the design. 

21-77-770-160-514302 Piloted Simulator Requirelaruts for LffecUrr Rcscarcb, --AmcS 
Develo)n:nt, aad Training 
To synthesize the available information on physiologic& 

sensors, cues used in actual flizht, an3 comparisons between flight and all classa 
of simulator in order to develop a rational approach to difining simulatDr require 
ments for a given vehic!e aad system. 

EFFORT 
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1077-7701005103-03 Adv3cced latczrated Display L Control Systam 4 
70 cover increased overhead costs. 



77 HUUAN FACTOX SYSTE?,'IS PPOGRAh4 
770 Director of Biotechnology and Human Research 

51 Physical 8iol03y Sub-program 

03 CONTROLS & OPERATIONS TASK AREA 

2Sn-77&1m51&03 C2t::Zbllla O f  PitPt CjEt~k C!zrzt:r!sks d , C  
TO ,study pilot's, bnamic cbara:::ristics u n i x  ac:cal 2nd 

simulated flight conditions in order to find an objective 7ea:srenen: c! p:riorm. 
ante and a methenatical description of the pilot in maemzchinc systems. 

53 Life Support Sub-prmram 

01 ATMOS?HERri CONTROL TALK AREA 

1W7-7701cO534101 PBctosyxC~ttlc €as kcbczor 
To use a photosynthatic g2s exchanger i n a  scaled, maancd 

capsula to COnV8fi Carbon dioxida into oxygen, and to recover and rem nowarbon 
dioxide wrttor 

21-77-77&103-5M141 Hez! R:sI:tica a t  Rahctd Pressures 4 l M S  
It is the objective of this task to daternine the charac- 

teristics of heat regulation. at reduced atmospkeric pressures. The investigation 
will be performed in an er,v:ronmental V J C U L ; ~  chamber. The chambsr will provide 
the means for radiative heat losses f r m  an inCivi4ual by varying tbo chmber wall 
temperature. Evaporative and convective coolin: will ba investigated under various 
conditions of atmosphere ciralzt ion rates and humidity. 

23-77-770-1CJJ301~1 O e v ~ l c ~ 3 ; ~ n t  of Life SuGpoit  Systcrar -DE 
70 evaluate components of a life sopport system, and 

assess overall suitability of eonwncnls as part of a total life ru;?ort system 
Work is in progress on evaluation of CO, removal system and H1O reclamation 
system. W d  .with these components will extend to complete systems. 

atsorben which will best remove there toxic tlaacnb. The study wi l l  also 
investigate the effects that heat, vacuum and pxkap configuration hue on 
these o0sorbeo. 

4 #77-770-lf,0-534142 labzratad Mvar.ced We Sq;or( Syatlm 
Perform the advanced research aad trhralogy reGuired 

in the proof of concept of an advanced life support sptcm Uul includes .? 

following aspects: environmental and atmospheric cantrol, food ud water, Md 
hygienic and sanitation criteria 

lD71-17010053-9143 Parameten Essential lor hIa:-Md fllzkt Q I ~ U E I  --Hdqt 
To investigate parameters euent.al b W e d  Flightl 

Operation. Elevated CO, concen:ration, water lost of m\ 01 IWX 0,. 
gas rate of exchanga in a sealed space ubi% IP &O-* i r l ih~ .  04 
t ram atmaspheric contaninants). I 



1077-77010053-0144 I nkpz ted  Kumtn M;lntc:me Stbsystm 4" l - c b  

The contractor will Z2rlgn. fabricate and test the fo:lowiiq 

complete environmental subsystam in a Humidity and tenperrture controlled 
chamber: 1) Respirator System; 2) Waste handling system; 3) water recovery system; 
4) food supply; 5) wash water system. 

2i.n-nu103-53aa E!WS of Bi:b O x e n  ~ e n r ~ o a t  on c e ~ t n ~  t : a m s  
Syttoa -Ac;cs 

To study the effccts of high oxyEen tensions on the 
central nervous sptem by studying the effects of 0, on the structure of cell and 
tissue membranes. 

1477-774103-534145 CO, Eebctioa Syrtarn --Hi# 
Contrtctor will design. fabriiute and operate an open 

cycle carbon dioxide reduction unit. 

i X In,t.l!.l.a 
T.A.R.~. O €  L DUCA M G 

1477-77010353-0107 Hekll ic SupcraxiCcs A d q t  
The contractor shdl prepare design drawings of an enzk 

neerina model micro-contnctor that wiii uiiiize hi:h density motaiiic jupeioXi&$ 
to revhl izc sea!ed cabin breathing atmospheres, and, after approval, wili fabricatr 
2nd tcst tho system. 

03 WASTE DISPOSAL TASK ARZA 

1077-77030053-03-01 Cioel8ctrochcaistry --HQ 
To study fundamental bio-electrochemistry by Ford), a; 

p!kd bio.electrochemis:ry (by Magna), and to develop a biochemical fuel cel 
(marquardU. 

21-77-7i0100-5342Q1 Casiqn Coastmction and Tat of an latepatad Hrm 
LlaiaLvmcr SuSrpSz~ - h e  

To undertake a program of studies leading to the desigr 
fabrication, and test of an integrated system capable of providing adequate l i f  
support for five men for a thirtyday period. 

~~77-~0- lC&S3-01-0S  Use of Ozonides for A i r  Ravitt l int ior 4 d q t  
Contractor will optimize the processes far the synthesis 



tcctiv: system m a;$ic;b!e to  latontorj, timul;tor and In-fli:ht regimens f 
Z::eminatioa of :he man-nachii,;+iiviroimont intorralztionship. This task w 
be ccordinated w i 4  Hq. 



21-77-77&1C3.550%!3 S:!$zical D:s!fn Sbdies of Y.tn 4 Z J t  

A study of man in an extraterrestrial environnact, con- 
cerned with the system requirements for the optimum spacecraft confiauration 
design which will insure the safety and continued contribution of man to extr* 
terrestrial and space explorations. 

07 PERSONNEL EQUIPMENT TASK AREA 

1077=1701~53-07-01 Eunluation of Control Dis3l;y P m m c t e n  4 d p t  
An evaluation of control display parameters by measures 

of human performance Curing posiiive tronsverse acceleration will be made by 
means of experiments on the human centrifuge and the simulation of flight control 
21Spby &namics using snalog techniqaes. 



87 BIOSCIENCS PXOG?A% 
870 D i r c c t o r  of E iosc icnce Progrcms 

52 Behavioral Uiology S u b - p r o s r a m  

21-87-8iG-13-524243 Vss:h!x Er:!n ! , ' x 2 x h z  - - h a s  
which project upon the 

vestibular :ystem and other anatomical substrata o?functionally related brain 
mccbanisms. 

To an;!y:e !h C'!S PL:~,WJ 

2147-870-100-524142 L:urc:ndrJ-rin3ic;lc~l :q:cts e! the Iatcr-rsl;tix:b!:s 
6:tu;:an Eio1o;ic;l PS,%kis aad tho Strctset o! S ? X e  
Flizbt 4 - 2 5  
(1) To establish normal patterns of rhythms such as bcdy 

temperature, voluntary rufining activity. osnclzrity of urine, 2nd the estrous cycle 
in female rats and then subject these animals to  physical st;e:s (centrifup!ion, 
vibration, heat and cold, etc3. Thz ef!ect of stress on the rhflSns 2nd the aj i l i ty 
of the rhythms to rdapt to chronic stress will be studied. ( z )  To investiiate the 
effect of disturbpd rhythms on SUNiV?l and health of such. animals as rats and 
monkeys. This will consist of determinations of blood corticoids, blood glucose, 
eosinaphiles, electrolytes, ctc. 

02 NEUZOLOGICAL BIOCXEMICAL EASES OF BEHAVIOR TASK A P U  

21-87-870-1CO.524241 Physiolo2 of VcstibEln Mulctus *cs 
The vcstibular nucleus has anatomical conaections with 

structures concerned with varied actions both z;ltonomic and voluntsry. In the 
autonomic realm it has d c r r  to the nucl:us of the vagus, the Edinger Westphal. 
the reticular substance, the archicerebellum, the limbic system, etc. Stimulaticn 
techniqder wil l  help to map out these connections and its actions. Infomation 

. 

cbtained from these experiments is  basic for the evaluation of the influence of 
noticn-streu in space fiichts on the central newout system, wi:h par&icular 
roferenca to  motion sickness. 

21-87870-101.524242 "Eel Poi:ts" In k.u::l 0r;:nktion 4 m I s  
To provita new or,d im.xoved m+!s of neural m c k x k 4 m  

controlling posture and locomotion necesszry for the dasign of meaningful physio- 
b a l  erperiaents. 

21-87-870-100-524244 Bioc:,e2icti-E;~ct::i:jl I:.tcrrelz!ionshipr Is Simple Eiclo:. 
- k C S  i c d  In:Prn;!;on J.0ii;3 Sys:e;;rs 

Methods will be levised to iniplant microslectrcdes into 
planaria ganelia, either in vivo or in vitro. Tha edects of stimulation of a variety 
of ty2es on the ability of these struc:s.ret to incorporate and metabolize radiP 
active precursors of the nucleic acids and proteirs wil l be determined. In addition. 

the effects of stimulation on utilization of energy rich campounds wil l  be deter- 
mined. (Ultimately, the enzymatic systems involved will be isolated and character- 
ized). 

01 BIOLOGICAL INFOIIMAnON. CONTROL. 1 COMMUNICATION 

E Y m M S  TASK AREA 

1047470-1GO-524343 Support o! A Com2utsr Tacbno lo~ Cantor for Rcseanb 
on KMC Computers --HW 
To do research and development on MNC computers. 

i 

04 EXPERIMEHIAL ANALYSIS OF BEHAVIOR TASK AREA 

21-8787EIC3-52W1 Laming and Discrizhathn of Prabzblllty k h e d d a  
--Ames 

To investigate the ciprbilities of subhuman animals in 
functioning as statistic21 analyzers when confronted with a, choice situation 
where one of a number of alternatives nay be correct. Which alternative is 
correct varies fron trial to trial acco:ding to pre4etermined probability schedules. 
The demand 9" the ora3nism in astimatin2 which of the akrnatives will be 
correct is tworold. He must combiiie the information received in the outcomes of 

his previous trials in such a mtnacr 2s to arrive at a useful avera;e value for 
ezch aitern-!ive. Secondly, on any one trial he must make a decision based 
on these ;vera:e vzlues derived i rcm previous ex-,erience. In perfoirni2: this 
task,, the  zsimal is t h s  belcg ;sied to  3ct as a C O E W X ,  i.!.. to intearate over 
previous oo!corr.es. This ty?e of behavior rspresents a direct and empirical 
attempt to c;:3in icsizht iato hcw c:berr.etics principles can be applied to t5e 
stboy of bexv;3r, and the c!c:e rcssnblznce it tears to actual in.fl;ght per- 
formance d;m;nds on human operators. In arriving at this average value the 

operator nust function as a probzbilivj statistic, the s ~ m e  as the animal is asked 
to C3 in !!,e ex;:rims~! situd:;Cn. It wi:i be ImPOrtant to first Of all establish 
the techxqxs 3r.d rncttodolozy fer prcrcntina this qrGb!fn, 50 t h j t  the under. 
lying vari;Srs c3n be ;:ls!pd qznrit;tis:ly 2nd. va:ied in 35 controlled a way 
as possible. Once this c2pLii i ty h s  bcsn a c k v e d  it will t e  Possible to investigate 
some aspdcts of this precess which have until now gone untouched. 

15 



21-87470-100-52W2 Bvlroenen'al Ds te rchz t s  of Gshaior - k : S  

The purpose of this rzseaich wi:l be to investizate the 
effects of tenp:ri:-re and turnid:!y 2s pzr;cxi:iic determixnts of t:!xvic:al 
functions. The dmimincting; and reinfo:cifi: fuectiocs of tem::rz!ure ar.0 h* 
nidi!y will be exjloreil. In zddition the optimal tern?erature/ hunldl:y ranzes for 
various behzvioral functions will be leierminsd. 

i o r L  F o m  I II EFFORT I I InHous. L i t  Porrr Ib,,,* 7 I 6 21f.% 7 I 6 Z l ~ & ~ ~ ' k  - -  
X In.l.llollm 
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T*dsl*hb N E W  b b l  Y8b ? I d  ,5 1.1 as FY 13 

54 Environncntal Eiology Subprogram 

01 DEVELOPMENT Of EXPEZIMENTS FOP STUDIES 01 S?ACl FLIGHT 

EXVIKONMENTAL EFFECTS ON OXGANISMS TASK AREA 

10-87470.109-544143 Study OD EEJCt of K ' a i $ ~ E ~ r t n ~ ~ t  OD PS~to:jn:k:* 
4 1 :  

TO determine the effect of weiahtlessness on Fhotosyi 
thesis of Chlorella alaae. This is related to use of a photosynthetic gar exchanp 
system in space travel and statio:&. 

10-87470-1G3-52W3 C!rtaGIm Rty31m in M a  UrSJr Controlled b.r:rcnit.cn:tl 

The investigation in man of circadian rhythms and zeit- 
g a k r  stinulation. 

Con:itiors 4 d ; t  

21-87-670-100-524443 Control of Complex Behavior in 1nfrAiui.m Orpnisms 
4 m c S  

To extend experimental control over a t o t i  primate be- 
havioral repertory. The task involves providing all requirements for naintenznce of 
stable behavior in one or two subjects confined in a small chmber for periots 
of one year or more. 

. 

Task FM I SI EFFOXT 
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10474iO-1CC-W104 P r o p a  of Raseanh in S ~ r e  6anatiu a d :  
To determine the effects of space radiation on mu!atic 

of Neurospora fungi. Flight experiments will better define the biological effects ( 
space radiation. 

3347470100-5*0144 Tlxrue Etylralent Boslm%r haslblli!y Study -JI 
To develcp a lightweight, reliable dosimeter for use o 

tDace probes to study the radiation hazard to manned space flight. At preser 
it is felt that a possible system would use a plastic scintillator with tuitabl 
cutjbt circuitry. Other systems will be studied. 



01 GBOUND STUDIES OF SPACE FLIGHT EHVIPONMENTAL EFFECTS 
\ 87 BIOSCIENCE PROGRAM 

870 Di rec to r  of B io rc i cnce  PrOllrCmS ON OPCANISA~.S TASK AREA 54 Environmental Biology S u b - p r o g r a m  

21-87-870-100.544201 Effects of low Ma?;netlc f lcldt on Living MAarid -kacs 
TO study the effects of controlled mazndic fields lower 

than the earth's rnaznetic field on: (8) SuIVivaI; (b) growth: 3nd [c) metcib0liSm. 
The ultimate objec!i;e is to have no magnetic field. A laboratory space w i l l  have 
the earth's magnetic field shielded out by self-regulating Helmholtz coils, so that 
magnetic fields down to 1 0 4  to 10-5 gauss wi l l  be available. Special non-rn~2netic 
microscoDes and instruments will be used SO as to introduce no extraneous 

magnetic fields into this envi;onment. Long and short-term measurements wi l l  
be made. Plant i ~ i i i i i i a l  Xi!! -e used bs-ch ?s the fungus Phycomyces), micro 
organisms such as the amos and other. protozoa, and developing embryonic mate 
rial such as the sea urchin and egg. Higher animals such as the mouse will also 
be studied in such an environment for physiological effects or changes in 

1W7d701W-54.0145 Study of the US0 o i  Fungal bmino$cenc@ si a Phj.;!;!:& --Hdqt 
cal Index 
To study the. feasibility of. recordin2 the intensity of 

fungal luminescence as a reliable index in space biological studies. 

EFFORT 
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2ld7d701cMc0145 IrutrunenWoa of Small Anlmalr for RadlPflon Debctlon 
-&Xes 

To develop new techniques whereby snimelr can be 
instrumented for the detection of administered isotopes. 

1067670-lCM44146 fmrrth Pattern of Phb la tlu librener @f CSnlQ El7ectt 
--Hm 

To determine the effects of zero gravity on tho growth 
patterns and movements of plants. This will downlop into flight erporimentt of 
effects of 0 g on plant morphogenesis. 

m N S  "110 lallrn D W X I 

1W74761CO-5401.07 Ufe Sclencer InstrumenMIon --Hw 
Research into effective measurement,. system and tp tem 

Concepts for immediate ap3lication in circadjan rhythm studies with small Gam- 
auk and Drosophila and for future application as needed. 

I X 

.- . . 
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1~747&100-5&0242 Effects of Ve!y Stmng Mtanutic Fielts and of Magnet 
field-free Environments 03 Aninalr and M33 A d q t  
To study the effects of high and iaw magnetic fields on 

animals and human beings. 

FY 43 

- 

2147470-1ME5Mt42 Amelioration of Radiation Effects by Oiew ContmMmer 
Expure to sublethal doses of ionizing radiation result 

in changes in excitability of the Central NeNOUS System. Earlier studies have 
shown that single exposures to  250 or 500 res i l t  in a decreased threshold for 
electrically induce? convulsions. Pre-feeding diets high in carbohydrate aggravated 
the symptoms; prtfeeding a diet high in protein tended to reduca the distortions. 

Contractor shall c d u c t  tests with a view towards determining the relationships 
between nutriticrd status, age, sex, and chronic and scut0 exposum to sub 
lethal doses of ioa3ng radiation. 

c 

21-87-870-1005;c03 Efhct of Klzh Mzxaetic f ield on livln: Material dines  
lo  study the effects of controlled magnetic fields [normal 

to 30,000 gacss! T, (a) survival; (b) growth; and IC) metabolism. The emphasis is 
on controlled c x i r x n s  and analysis of responss. Developing emb nic material 
will be stressec. :xbination of factors (gravity, light, radiation.,etcywill be used. 
The sea urchin 5;: and the fungus Phycomyces will be used primarily. Both short 
and Icng-tern f:::::,res will be mada in a carefullycontrclled environment. The 
temperrture bt3v::dn the poles of the W n c t  will be carefully controlled as will 

the light sourcL. 3;zcial (non-magnetic) microscapes are bein Constructed for 
use between the, IUIU of the magnet, so that the material may t Observed while 
in the magnetic ud. 



ing embryonic sys!ems such as the fro2 e z  end m a  unhin e= will be used, as 
wcll as protozoa such as amoeba and pa:r.necium. Organism, with known gravvi. 
tationai response (frog egg) w i l l  ba stressed. 

21.87.870.103.544245 RzIiztlon Protection by Altera:lon of 6.1 Function Aess 
Brc:kdwn in ce!i prmerhility, masivc hemorrhqinz; 

and invas:on o! the. body.by intestinal bacteria is an earlier sequel to  radiation 
exposure. Studies with animals have shown that increasing the mass of intestinal 
mucosa by pie-fieding a diet high in bJlk (roughaze or inert clay) protects against 
the "intestinal phase" of radiation deaths 2nd increases the tolerance to lethal 
exposures by a fzctor of 15 percent. Further studies are required to evaluate 
more fully the protective changes associated with proliferation of the intestha1 

mucosa. Contractor shell conduct studies with a view towards determining the 
relationship between &astro-intestinal function and radiation effeck. Studies shall 
include tests of digestion and absorption of foods and the secretory function of 
the digestive tract 811 in relationship to radiation protection. 

EFFORT 1 1  InHous. 6 n 1 r  
T*.hFerm 1.1 hrr1 I,,,,* 7 I 6 2f% 7 1 6 21:;;" 

2147-8701C3-5e0206 Study Lce~tcm Effects of Low 64oadicg on Pbnk-Amos  
To study the effects of 1-10 G's in a specially constructed 

centrifuge on (a) viability, (b) gross morpholo (c) reproducibility. (dl metabolism, 
and (e) growth. The fungus Phycomyces will used because of its demonstrated 
ravity sensitivity. It has a!so +en demonstrated to have a great sensitivity to 

&ht and radiation so that it will be used. in studying combination effects. Gener- 
ations of Phycomyces and other plaats will be raided in the centrifu~e to study 
adaptations to this environment. 

10674701c4544207 l e t c r n h  on P?thogcn Fne Plants in a Llicrocosm & on 
tko EGect of HI$ lntcwity Ufit on Plant Grow -Hd$ 
To study the effects of high light Intensity on photo 

synthesis and methods for decontamination and growth of patkgen free plants. 
th is  work is related to  gas exchanges and food supply sptems in space travel. 

21-87-873-1K1~~24)~ S!u?y Lonptmn Effects of Lor O - l O Z ~ g  on Siaalo. 

To study the effects of 1-10 G's in a specially constructed 
centrifuge on: (a) viability, (b) gross morphology, (c) reproducibility. (13 metabolism. 
and (el rhymicity. Effects of combinations of sJch things as light, temperature, 
a h s p h e r i c  pressure, etc. will be studied in combination with Gloading. Develop 

ccllsd system A c t  

21.874781c3.544209 Stu the D!m:t EGacts of Alpha Putlclo Padlatlon on 

Of the direct edecb of irradiation with Alpha 
the% Bn!n &JZ 

particles from the 60 inch % erkeley cyclotron on the metabolism of the brain 
sb 

1&87d701005co2~10 Indiriduallzad, Cbomically-Doilnrl D i o l  in Ufo Support 

Thr objrttiws of thb research is to study dietary re 
rplirements of man and using man 8s a tut ninul. employing water-soluble, 
chemiallydefined diots. 

Sysbms During Spar Flight A d @  

Search for new mothods for detection of radiation in juv 
at the histochemical level. Beforo the damage can bo detected by morphological 
atteratiom of the t i ~ 0  olmentr. 

1 



87 BIOSCIENCE PROC2.W 
870 Direc to r  of Bioscicncc Progrcms 

54 Environrnontol Eiology Sub-prograrn 

02 GROUND STUDIES OF SPACE FLIGHT 6NVlRON?kENfAL €FFECfi 

Tostudy the 'ossibiiities of uing perognathus as  an 
animal for research In s ace biology. !he pccket moss8 has becn iiscd as  an 
indicator of the biologicay fate of reGio active residics in areas ad.;cent to the 
Nevada test site and zoditionzl studies have endorse: the isitial cse of the 
pocket mouse for biological research in spxe .  

2147670.1M-5442-11 Effects of Simuldcd Lxtrderrcstrlal Coodltlanr an Sa- 
mttk Mltosk ridlcr L!&Uoa Rate &3a 

To develop basts for prediction of effects of extrztenes- 
trial conditions on somatic mitosis and/or mutation rate, usin2 morphologic and 
pJantitative chemical observations on the genetic material of avian ond mzmmalioa 
cells, from experimentally prepared animals. 

-LEY Inrt. 101Wl c c X X 

1097670-100.5402.12 Fnedng and Drylr: of Uvlng Calk -m 
Invest!gation of hypothermia for an undeotandin2 of the 

mechMtSm by which It Injures living cells. 

2147470-103.5e02-12 Efcct of Space Voym Stmu on Spth3ttC Us'sbolk 
Processes 4 L i X  
The purpose of this task, is to dc tan in t  whether the 

stresses i-snosed by space voyazes (G-forces, w z i ~ h t l s r s c ~ ,  v?v2!iGn) On ex- 
periixatai ,mix?$ (rats, rabbits, monkeys, dczs) h m  an effect upon tno synthetic 
me!P?alic activ?:, of isolated orgzns an3 tisstics. Tissues such as 3 liver will ba 
removed from sireid d animals so that their mekbolic activity W be issessed 
by in vitro techniques. 

EFFORT I I InHou.. Colltr 
7s.L F a n  I SI 

P.I*~ lrwl 7 I 6 21?L ~7 I 6 2122;:'' 
T.A.~.. 1".1.1 .,am FELLER D D I x  I 

2167-870-100.5442-13 Nucleatlde varlatfons of certaln tlstues In Respoms to 
Sons Envirnnmantal Alteratloas ASIS 
To assay for acid soluble nucleotides (high energy com- 

pounds1 in selected tissues of the animal body and thus determine the level and 
distribution of the high energy phosphate compounds adenosine mono-, di-, and 
tri-, phosphates which are ,intimately concerned wifh energy metabolism. .After 
baselines have been established, dynamic chsnaes in these compounds will br 
followed during different environmental altersttiom. 

1081670-1005402-14 Blotglcal Effect of Chronic b p o t u n  to ktl!ldal Abnm. 
phercr -tldql 
Investigation of the effec? of, prolonged exmure  01 

small mammals to closed gaseous environments low in lutrogen 

2147-870-100-5402-14 Protsln Synthesls of Different Thauea of tbr Rd I 

To see if tissues of the body demonstrate a polyphasi 
response to adrenworticoids as has been shown for liver when protein synthosi 
is used as the means of evaluation. As a consequeme the stress situation can b 
better defined with respect to this parameter. 

Rtsgonre to Vprlous COrtiCOIdr A 0  

10474741GO-5442.15 Deve!o)mrnt of a Supartor Dfet for Man le Spze 
The objective of this contract to,  expsriment wil 

chercical(y.defined diets which include essential and im+ssentlal L hino acii 
and various other necessary components (in vitaminf, minerals, u*ohydrata 
fats, etcJ. These diets will be developed In COnWtm Wlu city Of Hol 
Medical Center, Duarte, California. 



. 

2147.670-1C%5402-15 Ecectyon::rs$!c Estlmatlon of Bom kp In as C y n 3  

To determine by x-ray lates, the time of appearznce of 
ossificztion centers and time of clssure of epipiysaai plates in cynomolps mon- 
keys of known 2-e. The analysis of this data will subsequently be used to estimate 
ages of capture8 monkeys to be subsequen:ly used In space biological rosearch 

molgus MocXey 4 Z O S  

- proprams. 

21474781M-54-02-16 Effects of Si iauWd Extratarnstirl Conditions on l m m m  
Machinisma - -C j r , tS  
To determine effects of high energy irradiation, cold and 

hypoxia on the two major modalities of acquired mmune response. 

2147670-10W2-17 E ~ l a r u n  #onitorlaz of Fibrino!pb 4 t a  
To determine the mechanism of activation of plasminogen 

(thereby leading to  fibrinolysis and hemorrhagic tendsnciesl in blood during the 
physiological and psychological stresses encountered in the course of space 
exploration; with particular reference to possible control by the endocrine systems 
and nervous systems. 

03 BIOLOGICAL ANALYSIS OF TERRESTRIAL ENVIRONMENTAL 

WREMES TASK AREA 

1@87470-100-540Ml s ~ ) p o r t  of \ilbite L!omtria AI>!nc Retouch Statlin & 
StuCy of t:e Physlolir of Natura! tho AlU:uGe tiibor- 

Detailed physiological studies of the basic mechanisms 
Involved in inducing, maintaining, and terminating hibernation in high altitude 
Ntural hibernators. Study of animals and human respiratory, cardiovscuin, and 

WFho.physiologica1 studies in relation to effects of hiah altitude, high ul!ravic!et 
and radiation and other environmental facton. Studies an  phctossynth-sis &.-A 
o h  Processes in alpine plants in relation to studies with planetary simulation. 

n;tic= Ankak  4 d q t  

' 

' 

--L- - L . - I - I - - t - d  .&..A:- ;- ..l..&.- .- ..U--L J b1.A -1GL.A d b - d - l r b  - 

04 EFFECTS OF SIMULATED EXTRATERRESTRIAL ENVIRONMENTS ON 

E A R W  OPGANISMS TASK AREA 

2167470.1~%0442 Effccg of SI%ulatsd Planetary Lnvlronrnent on Enrtb Orpnisms Ames  
To stimulate as accurate:y as possible the environments Of 

planets of interest OAan and Venus), and to study the effects of such envirok 
mrntt en. fa\ turvival (b) adantation. (13 metabolism. and (d) growth. !AIc:o. ...-..._ -... ._, .-. -. ~ . ~ .  . . 
orgaaism (bacteria, hngl, lichens,, algae) from extreme environmeital condition , 
(desert, mountain tops, high salinity waters, polar caps, atc.1 on earth will be 
studied. Thcse will be introduced into a chamber and maintamed as such environ- 
mental extremss as will be encountered on Mars, for exam le (-100' C to +Ne, 
C; 0.1 atmosghere, no oxygen, high U.V., less than 1% &O, etc3. Adaptation Gf 
organisms to such environments should yield Information as to ,what types of 
organisms and metabolic pathways may be sought on extraterrestrial bodies. 

10-87-87C-lCO-WS Biochemical Activities of Tcrnstrhi Ykroorfrntrat ia 

l o  study the growth and biochemical activities of terresr 
trial microorganisms under some of the wnditiont lmpotrd by primitive and cob 
temporary environments of tha terrestrid planets. 

Simulabd Plannatau Environra=mts --Hdpl 

10-87-870-1CO-54oe41 Rsssirch on Ufe in Lrtratarnttrlai 
To determine the types of earth 

grow and reproducs in simulated Martian environmental conditions. 

T u  Pnl FY b l  
ya Yrr T.ILSI*NI NEW - 
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87 BIOSCIENCE P R O G M  
870 Direc to r  of Biorc ienco  P r o g a m r  

54 E n v i r o n m e n t a l  6 io toQy  S u b - p r o g r a m  

@4 UIECTS Of SIMULATED U(TRAIZRRCSTRIAL LNVIRONMCNTS ON 

1067d70.1005404.(15 Ensets of Very Strong !.l;ytctlc Fio1d.1 end of I Y n a t  
FlelG-free hvlronncnk @a Llnrk acd L!a A:@ 
To study the effects of high and low m a p t i c  fields on 

animals and human beings. 

. 
Pld , 1.1 .Ta&k**l* N E W M u  TI6  

FY (3 - 

I W D I D S  Or BIOLOO1CAL MATERIALS & SYSTEMS COR US8 IN 

WACS TASK AREA 

1~767b103-544501 Phyrlologlcal Effact, of Wai&hssrort rod Spas RzdC 
atlons on Hibarnaton 4 6 4 1  
To detcrmlne the effect of s p a  radiation and zero G 

on hibernating anlmals. This work may lead ultimetely to induced use of hiba:nation 
of a t r o ~ u t s  for protection against radiation. 

2ld7470-100-54QM8 lncorpontlon and Yettbol~m of Hitrgea by P1:nts 
4a3s 

A study of the processes and pathways of nitroZen i n  
corporation, fixation, and metzbolism by plants will be the fundamental objectives 
of this study. The incorporation and metabolism of inorganic and organic nitro. 
geneus compounds by plants are inflcenced by the amount and form in which 
they are available. The principles of growth and development due to nitrogen will 
bs Investigated. Conservation, utillzation and recycling of human metabolic prod. 
Ucb In a closed environment, as In the ecotptem of orbital station or manned 
bases. relate to  this field of study. 

21-87-871.1CO-550547 Com;raratlre Ef?:cts of Protons and X-rays on lntastlntl 
lnjity aad R:co:.sry in t5s 2 4  Dag, Guiwa PI& and I C  
bernating Manmalt -Anu 
To compare the effects of protors and X-rays on Intestinal 

injury and recovery In the rat, dog, gulnea plg, and hibernating mammals. 

1087471).1W-5M5QB S ~ p p ~ r t  of Whlte Uountaln Alplne Rosearch Statlon L 
Study of tha Pbyslology of W r a l  HI@ UtltvzI Hiber- 

Detailed physlsloglcal studlet of the basic mechanisms 
involved in inducing, maintaining, and terminating hibernation in high altitude 
natural hibernators. Study of 'animals and human respiratory, cardiovascular, and 

psycho-physiological studies in relation to effects of high altitude, high ultraviolet 
and rsdiation and o:her environmental factors. Studies on photosynthesis and 
other processes in alpine plants in relation to studies with planetary simulation. 

natlng Anlmalr --Hdpt 

- .- - 
1087-870-100-54-05-11 Utilization of Bio+lectrk Potentials 4 d q t  

10- demonstrate the feasibility of utilizing .bioelectrical 
potentials as a primary power source for implanted electronic devices. 

T.sL Fern 1.1 EFFORT 
bt., llwe 1 I 631fiE. 1 I 631k$" 2 I 6 4  I ~ H ~ . .  6nn  

10-87474100-56a507 plant hayes for tha pmducti~o of Oxyg~a ID a C ICS:~  
Systsn 4 Z ; t  

To determine the potentiality of using vsscuiar p lan t  
W e a d  Of aquatic algae for oxygcn production and carbon dioxide utilization for 

, 

Olr e x h n f e r ,  and also for food production. 

22 , 

55 E x o b i o l o g y  S u b - p r o g r a m  

01 WOLUTlONARY L THEORETICAL BIOLOOY TASK AREA 

10-87-870-100-554141 Studiis of Extremely small self-replkattng Sys temeHdqt  
To obtaln detailed kcowledge of cell systems a t  the 

extreme limit of small size, Le., 0.2 microns (1/5 the sire of average microo;gan. 
isms). The observations made will be helpful in determining criteria for what 
constitutes a living system. 



10d7-8701W)-5M1-03 Studies on tke Hlll  R a z t k g  ?SWQ cf Solukla F313TD. 

To characterizo photo-chemically active extracts of chloro 
plat, to  define tho components required in the photoactive system and to learn 
the role of each in the energy transfer process. 

p l a t  h t s  -wt 

lW7870-1CO-55011)4 Molecular Evolutlon A d #  
To produce for the fist time "protobiological" system 

or precellular chemical systems incapable of reproduction but which may carry out 
relatively complex metabolic reactions. Materials containing iron or zinc will ba 
introduced into Miller type mixtures In order to  mako tha obwe required metallo 
organic catalysts a possibility. 

21-87470-100-55411)4 Synthesis of Protein Klsmspherat to Sene I A Cel l  
Mods1 far Research on t i a  5ri:in of Lifa, e t .  d m e r  
Synthesis of high molecular weight polypepiide molecules, 

which on proper treatment gives rise to formed spheres which have many of the 
roperties of cells. Attenpt to improve the ccmposition of thzse microspheres 

b y  incorporation of lipid. poly-saecaride 2nd othrr complex molecu!e:) in order 
to  make them more and more cell-like, with the ultimate zim of constructing a 
self-replicating functional unit. Study of primitive earth and extraterrestrial ck 
vironmental variables (such as gaseous composition end pressure, moisture content, 
temperature, chemical cornpasition, radiation, etzJ on such synmsjs, The use of 
such cells or cell models to study bioorganic evolution and the oqin of life OII 
Oartb and elsewhere in the universe. 

ctszktq of F G R X ~ X I  of E lo lc~!ca l ly -s l~ l f ica~t  !tola- 
culas UnGer Prirniiiva hrtb and Enraterrestrial Conditisa: d n e s  

To study the synthesis of biologically-significant molecules 
under conditions 'whlch may have prevailed on the. primitive earth or some otter 
plznet. To dctermine possible pathwayt of chemical evolution along which l i fe  
could have arisen. 

214747C1c3.550147 Pro-.crtles of Monolayen of Cell blembrrru Componenb 4 9 s  
at riprid lnterfsces 

To increase the understanding of the type of interaction 
between various organic compounds, known to be part of cell membranes, within 
I monolayer and their Interaction with the a d j w n t  liquid phases. 

2147470.100550148 Pbysico-Chemical Proprrtlsr of ArUficld Multilayer Systan! 
4 e r  

This study is aimed at the problem of transformation o 
radiant energy into chemical or electrical energy as exemplified, for example, b] 
the lamellated structure of the chloroplast. 

TeAsloN6 N E W un Yrr P1.I 1, 1.1 FY 0 
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1487-870-lcO5501-10 Dyny lc  Systems ResFonse of the Performanca Char=' 
tcristrcs of Some &ajar Siaphysml Systems of Interer) 

Study of !he physical modeling analysis of the math! 
matical physical dynamics of major internal human svstems. This proposal , u  
directed at four such system: the iherrnoreylation system control, the cardia 
vascular system control. the hormonal signaling system control, the behaviorai 
system response control. 

--HdQl 



87 BIOSCIENCE P2OGRAM 
870 Direc tor  of Bioscience Programs 

55 Exobtology Sub-program 

01 NOLUTIONARY & THHEOXETICAL 81OLOOY TASK AREA 

21-87470.1W.5Ml-10 Effects of Ex!ra!errtrtrlal Conditions on tho hbtrbollsm 
of Tlssui Maintained In Culture 4 e S  

Methods will be developed to maintain human and animal 
brain tissue in lonptcrm cultures in vitro and these cultures will be used to assess 
the effects of conditions which exist in space on their metabolism. Radioactively 
labeled precursors of the nucleic acids a!? ::?!cim o! !be ! iwe;  will :e irp 

cubated over prolonged periods and such factors as high mapetic fields, eiectrp 
rtztlc fields, gravitational force and the like will be altered. The effects of these 

.forces in combination with various drugs will also be examined 

10-87-870103-5501-11 Eolccular Ensrgetli --Hillit 
To study caliremetry of enzymeaenryme substrate in- 

teractions and dehydrogenase systems and calloremetry of primary steps in photo 
synthetic carbon dioxide assimilation. 

2l-874701WJ541-ll Facton Coatrolllng th FomaUoi of HemdUy blaterlals 
--Arne$ 

These studies are forerunners to studies of life forms on 
extraterrestrial bodies in order to understznd some of the basic mechanisinr ia 
wived In the transmittal of hereditary traits from .parent to progeny. 

IM7-870-100-5M1-13 Organic Coslecshenlrtiy 
To synthesize pcrines 2nd pyrimidines under possible 

primitive earth conditions. This is a part of N W s  overall program in evolutionary 
and theoretical biology aimed a t  the recapitulation of major chemical events in 
the origin of life. 

24 

21-87-8701CO55U1.13 & Stud d !?o!:vJ~z~ C,trx:-ms as4 Psstlons Occurrlnt 
In BiarogIcal 3yst:nt 1rr;dlaiad with Ultravlslnt Light 

Arne1 
The mechailism of oction of ultraviclst light RIY) on living 

S tems is of spx la l  interest in those environments, such'as on Mm, where the 
$flux is pro; "Q Y ,y suds high. of spccial Intgret? ars ?hnss hjn!ogic?l sg!em 
which can partially reverse these effects. It is proposed that these be studied. 

4 d q t  10-87-876-la-554144 Space Bioscience Insdtiib 
To conduct experiments on the origin of life, molecular 

evolution, models of Mars and Venus, prepare for analpis of returned samples, 
develop concepts for detection of life, participats in biological satellite experk 
ments. 

I 
5167-870103-5501-14 Study of Smallast Rspllcatlng Units of Hmdity 4 8 s  

To determine the chemical character of, the physical 
structure Cf, the mode of replication of, and the mechanism of action of bacterial 
episomes, the smollest known independently replicating genetic units. 

1047-0701CC.55dl-15 Prlrieval Synthssis of Porphine-like Lbstarcsr 4 d n t  
x- . ~ 

To synthesize under primitive earth conditions porphine 
like substances. Pyrrole and aldehydes will be used as beginning materials and 
ultra-violet and electrical discharges as a source of energy. 

21-87-870-1CO-5501.15 The Mechanism of Ridiatlon-Indiced D a l q  of Call D ~ Y ! s ~ J ~  
d G G S  

These studies are importent preliminaries to Studying the 
effects of the radiations of outer space on cell division. Cell division is absolutely 
required for the ProJer function of such vital o r e m  as bone marrow, intastina] 
epitholium 2nd skin, and the action of s p x c  rsilation on cell division must be 
h t t e r  understcod before long-range space trips can be uneertaken by man. 



. 
21-87.870.1~5501-16 k i i a t i c n  Eifects on Photosy~thatic Lbg.?air,zis 4 i e s  

To determine the effects of intense visible light, and 
ultraviolet light on the photosynthesis and loss of cellular ccinponents by pho:~. 
synthetic organisFs. Such studies to be extended to ionizing radia:ion i f  possible. 
To determine environmental extremes (terrestrial 2nd extraterrestrial) suitable for 
photosynthesis. To datermine possible mechenismt of origin of photosynthetic 
systems. 

Taw F w n  1.1 EFFOilT I I i n n w a  h i t  
. bla, lSWa 7 I 6 Zf:& 7 I 6 2p;::" 

21-87.870-100-5501-17 Llpld Involvement in Phcto:ynthesls -&!!as 
The objective of this program is: (1) to isolate and 

chemically characterize the lipid componcnts of orgmelles which carry on the 
photosynthesis process; (2) to de!ermine the chemical 2nd physical roperties of 
these lipids as a b;sis for their involvement in the striictures bnel!ar) observed 
in chloroplastic by electron.mlcroscopy; (3! to determine the enzymic mechanisms 
responsible for. the ana!olic and catabolic rezctio? of these lipids and their 
possible participation directly in the photosynthesis process; (4) to study the 
conjuption of these lipids with proteins as lipoproteins or roteolipids and thelr 
role in the structure and function of the chloroplast. To Betermine the role of 
photosynthesis in extraterrestrial as well as terrestrial situations. 

10.87-870.100-5501-18 Reflection Spectra, Meteorlta Aarlysir rad Chemical Eve 

To study the nature of reflection spectra as a basis for 
Interpretation of data on extraterrestrial life. To determine the structure and 
amount of carbon compounds in meteorites, to study Pre-Canbrian rocks with 
respect to the origin of life and the fate of terrestrial, biological residues and to 
repeat Miller type experiments using UV energy, followed by identification of 
resultant compounds by means of paper chromatography and mass spectrometry. 

lutlon +zcrt 

2~-87-870-100-5541-18 Structqm of #ucfelc. kcits, of . V h S C S  -&%IS 
In conjunction with investieations on the effects of radib 

tion on viruses, a more detailed s:udy of the structure of ribopulcle!c,acid (RHAI 
deoxyribonucleic acid (DNA) of viruses w i l l  be pursued. It E ant;cipa!ed that 

this study, which shsll proceed within the con!ext of recent advances in defining 
the  gcnetic code. will provide information on the cxast nature Of radiation damage 
to the genetic a??aratus. To develop methods for detection of nucleic zcids on 
extraterrestrial bodies. 

a c q l  10.87-870-1(30-5501.19 Evolution of Eazyrxes on Huclelc kids 
To study the courso of evolutipn of such enzymes t f  

iactic, ji,&ca glij:amic, a: we!! as other Fyimidine nucleotide linked dehydrc 
genascs and DNA from the mo:t primitive to the most advanced organisms. 

10-87-870-103.5501.20 Physics of  Celluiar Spttesls. 6mhb and 0ivlsio;l A d 4  
To characterize a theoretical basis for the discretion a 

the processes of synthesis growth and differentiation of a living cell. Research wi  
be done into the effect of heat on bacterial kinetics, e&, the effect of growin 
E. coli at temperatures from 2 to 48 degrees C. on the division rate, uptake c 
proline, alanine, glucose, uracil, 1-32 and 5-35, formation of betagalactosidaise an 
uptake of thymine (!or E. Coli 15 14, Rates of synthesis and pool sizes wi l l  b 

measured. S ecial attention wlll be given t o  the measurement 01 actlvatlo 
energies In Phese processes and rela' Jon to rszction kinetics wil l be stressei 
The effects of heat and radiation on the lipid spectrum of bacterial membrane 
and the variztion of viscosit of cell extracts and temperatures, the diffusion 4 
invertase and ribosomes in  Coli cell extract and attempts to,grow 1.1 thaj 
In cell free systems, and the relative time of synthesis of a particular gene. 

01 INSTRUMENTATION FOR DETECTION OF €XlRATERRESlRlAl UFO 

LIFSREUTED COWOUNDS TASK AREA 

10g7-870-100-5M201 Cytochemical Studlcs of Planetary Ykrooxgdsms A: 
To conduct research. design, and test a miniature b 

chemical laboratory ("multivator'9 for the detectidn and study of extraterresh 
life. Also, to study the feasibility of a vidicon microscope for the examination 
particles or bacteria morphologicaily with follow-up Obrsnationr of the parti 
in the field by spectrophotometry. 

10-87670.100-550242 Detection of R!lcmorgailsm on Other Placets 4 
To design a life detection device based upon change! 

turbidity and pH produced by the, growth of bacteria in culture media. This is 
first life detection principle conceived in the U. S. 

1 1  Innawe C 
EFFORT TorLFom Oolrr I,,,,a 1.1 1 1 1 6 Zlk'k 1 1 I 6 Zli%;;'h 

1.1.11011m 
- 

:,*.R.p. 9 U J  y F H I I 
Locowon 
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Gmc- -R_OCHES-TEB U k J l V  -OF e ~ - ~  N Y  

PI01 * 1.1 Teab51*~1 N E W yr Y I S  8 
FY b3 



87 BiOSC!ENCE FCOGRAM 
870 D i r e c t o r  of Bioscience P r o g r a m s  

55 Exobiology Sub-program 

01 i%iXiiiAE%;i.C=N fOX DETCCTIOU CF EXTRAIERPZSTRIAL 4!FE 4 

L l F L l l E U l E D  COMPOUNDS TASK AREA 

3347.870103.550202 En:jmttic 2nd Flucrcm::rk Techniqw --!iJL 
To est~blish coniple:e fiuormctric 21alj4cal procciurcs 

for the determination of the nature and concentra:io;r of a wide ranje of b;;Ic* 
cally inywrtznt conpounds for later t.Lirrner 3 missisas. 

1W7-870.103~550203 Rt2issotoplc Prcbe for Wuatcncstrial Lib 4:;t 
TO dcsign, develop, test and produce a prototype device 

for the detection of extraterrestrial life by means of the metabolic protiction of 
labelled CO,. 

33-87d70-100-5S0243 Oerzrt Microflora -1PL 
To determine the interrelaticnships between thrD soil 

environment and its indigenous microflora- in p;cp:ation for the insttumeJ:aiicn 
&!d dcsipn of eitratcrrestrial life detection experiments. To dwelop. by 1915. 
a soil probe cq?a!~!e of nc~sur ing  the cheniccl and biolagial properties of 
p!ane:a soils ie:!udiiig soil wakr ,  gases, tsa,xr:tures. r.iicrobia1 o b d a n c e  and 
other re?evint biological parameters of the soil environment. 

EFFORT 
&loo I,,,,. 7 1 6 21kL. 7 I 6 2l&!$" I 1  innour. b n t r  

T*sLFom 111 

- 
X I",l.ll.l,en 

~ n k . ~ . p .  W A s f i Q L J R N  H 

P1.l 1.5 t.1 28 FY b l  
Luh Yrr 10sbH.kc NEW 

- *  

10-87-870-104550244 A I.l!cm:coplt s y s t m  for t l o l ~ ~ l c i l  reseL-ch 4 d q t  
Research into design of a ixicrixcopic sp1e.n fix biw 

io2ic:l work enployin; au!oma!ic photoe:ectric regist;;tion of cichroism, c$iiat 
rotation, and phase retardiation dde to refrut ion and Diiefri6,pice. 

E F F O R i  
0.1.. iaw. 1 I 6 2$".L 1 I 6 3li2;nTp;" I 1  InHors. Curir 

1m.k FM 1.1 

-GOBS h u e  I a h n  G 

** P-RJ N C E - T O ~  .-UN I v 
I*dkaN, N E W 

* 

- _ _  
L*'"*brn 
01 rrrk 

FY 43 PlOl , 1.1 yn Yrr . 

21-37-873-15;-556?05 t i f a  D::cc!ion In P ixc ta r j  f:cCrls jnd $.7Z!a:nn drier 
TO use $21;:!ary n:sdds and simir!::m to estimate 

those physics1 conditicns which hare bIolo~ical significjace on pl~nats. To deter- 
mine the effects of these conditicins on living ry.te;n; and improve our capabilities 
ior i i io dzicciicn u n k r  i h m  ccndiiiuilt. 

3347-&iPlCO-5502~05 Blah3 4 s  Ch:oixt;yaph 4 P L  

! or ihe spcciiied purfcse of bislo&icil dctectioii. 

To s!uGy desicn, aevdlup and test fu:i;!is>JI mo:d of a 
JS chroma:o:raph thid will psrfsrm orgsnic analysis of a told Martian SdmplO 

10-87-8701C1-554243 Detection of Extraternstrial Life by Optic31 Ratation-Hdqt 
To dekrmine the feasibility of detect:ng extraterrastrial 

life by means of rctary dispersion profile of pure O M ,  including simplo o p t i d  
rotdion in the 2EoO Angstrom U'/ region. 

1G-27-373-10:-E50247 OotecCon of Extntemstrlal Uta bj Ulf SpactrczaW 
4 t q t  

To develop a l ife detection concept based on the identi- 
fication of the c l a s s i d  peptide bond which exhibits an extremely high specifs 
absorption in the far ultraviolet (la0 Angstroms). 



33-872701(30-554243 !,::is Biolc;ical L!i:rosto;e -J?L 
Dcvelopm:nt of breadboard modcl of !isis bhlcgical 

micrcscope includes specid studies of p:ob!ems associated wi?h &#:!3jTent of 
instrument. a. lenses used; b. micro illcminstion; c. sample csllectinC x d  hxc'!in;; 
d. biological stainina: e. a d o  focus mechanism. 

lO-S7$70-1C3-5542-10 C,ic::kn of E x k ~ c r x t r k I  Lih by "1" C:Ls a t $  
To dc!crmine !he fezsMity of detectir.3 protein bj 

rnezns of "1" band forn::iw& color ch:n:a produced bj intense. iibsorpiion ut 
lizht in the visible spcct:r;m when certain dyes rex t  with protiin. 

2167470-1013.5502-12 Uf8 DetstUin Ccrktr &es 
To conceive. develop, and test Lifa Detection Gevices for 

US0 in the study of life on extraterrestrial bodies. 

-J?l 33-j7-870.133.5502-39 Exo?iolo~j Iz:tmmcntd!:a 
Desiea, development. ftbrication and testing of s y s t c x ,  

su5systems, and techniques which will permit collection and a n ~ l y s ~ s  of orzj; c 
con;cur.ds or organism found in a planetary atsosphsx or on a planetary surfse. 

27 



87 BIOSCIENCZ P2OG4AM 
870 Director of Ciosc icnco  P r o ~ r a n r  

55 Exobiology S u b - p r o g r a m  

03 SPECTROSCOPIC STUDIES OF PLANETARY ATMOSTjITZS P 
SURFACES TASK AREA 

1047-&70.103-554341 l R  P l m t t r y  Ob:mz!::z In !ka ZZ:::$?J -2;: 
Same as NsG-255-62 (pint project b:k:n C~iiic;iii3 

(acrkeley) and Princeton). With the cxception af tho FY 63 $:G3,ZX z h x ,  :ha s.,-.* , , d . r ~ c ~ p ~  II telescop2 is bcing loaned to tho IR sbsirr3:ion: !j.i;h vc~bzl 
assurmce that costs of repair will be covmd in the event of subs:stic! C;n;ge 
d:;inz recovery. 

10.87-870-1G0-55-03-02 IR Pknctzry O!3SeNltOV in the Stratosphm -Wqt 
To obtain I R  spectra of Mars and perhaps Venus (wiih 

the  moon as control) above thc major portion of the earth's moisture-ladm a:mos- 
phere, Princeton University, under another grant, will provide a 36" telescope, 
balloon, and operations. 

04 DIXRATSXZESTRIAL SAMPLE COLLECTlGH L ANALYSIS TASK A U A  

1047-870-100-55-041 In-fiight Phctofrqhy and Recovery of k!cteorites --Hdpt 
To trtck and recover meteorites by means of camzra 

tri3ngulztion. stations scattered over 1,030,023 squaie ki!ome:ers in the hhi- 
bestern U.S. tncluoing parts of Texas. 

E F F O R T  
LnHour. Cwtr  

Task Fotn 1st 
oat., isrue 1 1 I 6 21k'L 1 I I 6 ZIEz$'k 

21-87470-100-55441 Prorldo Lzbcratory ::d Suita:lo Tecknclqy for GetEiied 
Ana!y:is o f  R;:urixd i.x?rztsrts::ihl Si:::;ics -A:.::: 
To establish a centrzl IcSora?o!y with the retired specirl 

C S - i m n t  and techiques to acquire, rcurn, i x d  rnzlyze com~li.:;ly, ietcr,ned 
eXXL:i::estriGl ram>ks, t a m  both a bi&oZic;ll and biochemicdi pain: of w w .  
TO C;veiop special sampling and handling ie;:mipes 2nd where nccessxy, andlyii- 
ca: !echniq;lcs. 

23 

To dwelop a i d  q p i y  ?e:h;iique; to t% aklysis of r e i  
remtf t ive  sannles of iiydrocarbocs present in low concentratioins in terrestrial 
m i m a ,  2;C:e;at:s. 

21-87.670-!63.5543-03 Aiiaiysis of BIa-x:%i!: P;td& of Extrstaa8:t;ial Ori:!a 
-Amas 

The organic chsniical anslysis of meteoritic riuterlal to 
invcstig:!a tba orixln of formed "fcssil-liks" badies fouad in such materiil. Ta 
srudy or2ar.i: cmpu:is in ixetmi:es, BS to the passitiiity of livir.2 crizin, 303 
t o  C O . Z ~ S : S  ' ~ ;h  m>teiial fo natura! and sy;thz:ic ccmpounds on earth. h!$teo:ites 
ta be i;b;jai& i rom exi$!ing col!cctioiis (Dr. Calvin, the Smithsonian lastitute) 
and ais0 :ram :vilt.iticals cjbiaine:! from NASA contracts. 



I.., vc7y.d-,d-;;hlr02 r,. q-" -- (re S 3 r ; I k t i m  of S:r::irxft A d i  
Studies 2nd dcvc lo~nfnt  of methods for the decontamin 

tian at q;t2irii:: with emjhx is  on I:vols of ca!ura! contanination in ccmpnanl 
and !he Gtr:il;tiGn of ethy!ena oxide for surfice sterilization. 

1047-373.13&5505-C5 Vk?!lity o? Oqr~frsrs In SiiubGd S p a  -ut 
To determine the ebility of microoreanisms to s u r i  

various combinations of freezing, ionizing ndiation, dessication, UV, and spa 
vacuum. 



1- ..- 
TO dctne  -alertness opcra!iocz~~y in terms of astronaut 

task requirerezts, to deve!o7 me:hods x d  criteriz for its rnemrement, 2nd to - develop m::hsis for its m ia tenace  during tbc critics1 wpects of fii:ht txksiocs. 

51 Physical Eiolcgy Sub-program 

03 CONTPOLS L OPERATIONS TASK AREA 

3541-313-101~510301 In-f,i;ht S i x l a t i i n  for C:tzviml S!udks 4 S C  
T o  Cwe!op equipment for contro!lsd studies of atronaut 

* performance ddring fli:ht. Equipment acd test will be developed to permit studies 
Of pilot performance in tasks not ndcessarily associated with direct control of 
the spacecraft. 



770 DIRECTOR OF EIOTECHNOLOGY AND HUMAN 
RESEARCH 



870 DIRECTOR OF BICSCIENCE PRGGRAMS 
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TASK CROSS INDEX BY HEADQUARTERS PROGRAM OFFICE 

910 DIRECTOR OF SPACECRAFT L FLIGHT MISSIONS 

49 Human Performance 8, Behavior Sub-oroaram 
10 ~1.910.10149.01-67 Human Enninecrinz Design Criteria for Soacr Svstems 

-lidat 10.91.910.101.4g.0449 Maintaininn Astronaut Aiertners 

' 51 Physical Biolouv Sub-proaram 35.g1.910.101.5103.01 in-filghl Sin:uidi;Gn :or Sehaviora! Studies -MSC 
35-91-910-101.510342 Crew Activities Associated with S p r r  f k h t  Ooer.-MSC 



10 WEADOUARTFRS 

TASK CROSS INDEX BY INSTALLATION 

77 HL'MAN FACTC?!?S SYSTE.&S PROGRAM 

49 Human Pc:formancc B Behavior Sub-oroaram 
01 P L a c m i o N  TASK A R E A  
1~77.770.1C:.:5.01.03 Resziraton d i d n t  
lC77.7iD1GS :S-01-05 Cec;rd h v o u s  Svstem -iidnt 
1G.73.770.iCS-59-31.0~ Central N w o u s  Svstcms -Hdot 
1~.;7.7iC.i i ; . : iS.~i .Oi  Central Kervous Svstem -iicot 
10 77-770.:2? :.301.33 Ceitral tiervoils Svstein -Hdot 
16.77.77G.;t: :S.G143 G;strsinfestinal and Metabolic -Hdo: 
lC.77.77~. i i3 . :3 .~1.10 ic iccrino -Hdot 

0 2  LXVI.:O:;M8ZF;TAL PliYSiOLOGY TASK AREA 
10.77-7;3.100.29~02-01 Icn Efiects on Man -HdOt 
10-:7-770.:C;-55.0?-02 Accekration -Hdnt 
lC.i7-7iS-i63-;S.G253 Acceler-dion -Hdat 
lc.77-770.1C~.:1.02.cJ Xccelerafion -Hdat 
10.77-770.1',3.;3-0?.Gj Rzdiation -Edo: 
10-77.773-iCO.55-CZ.Cj Radiation -Hdot 
lI)-77-770.103-$9-C2-07 Radiation -Hdot 
10-77-770.1C3-;5-G2ta Radiztion A d a t  
10-77.7:0.lC0.49-32-09 Predomicatinn fecal flora in Man -litat 
10.77.770-1C3-49 02-10 Hon4onizinn Enerev fields -Hint 
10.77-775.;CO-~lS.C2.11 Kon-lonizine Enerev Fields -Hdnt 
1077-770-1C~.4S-02-12 Atrnosoheric Conditions -Hdat 
10.77-770 lC349.02.13 Atncsohcric Conditions -Hdot 
iD77.770-1C3-2S-C2-14 Atrnosoheric Conditions -Hdnt 
1C-77.770.1C3-:9-02-15 Radiation -Hdot 
10-77-770~100-1~-0?1G Radiation -Hdnt 
10-77-770.1C3-~1.02-17 Radiation -Hdot 
10-77-770-1C0~~:502-16 Acceleration -Hdat 

10~77~770-1CO-49-02-~0 Radiation -Hdnt 
10-77.770100-49.02-21 free Soace-Extravehicular and Surface Environmcctal 

Studies -Hdat 
0 3  a10 MEDICINE a PERSONNEL SELECTION TASK A R E A  
10-77-77C-100-49-C3-01 Pharma:aloev. Proohvlaxis and Theraov -iidnt 
10-77-770-100494J3.02 Toxicolorv -Hdot 

1077-773.103.;9-04-01 Natural Rhvthmic and Circadian Patterns -Hdot 
lG-77-770103~39~0~-02 Inf0rni;ion ReieDtion Transmission -Hdat 
13-77-773-1C3-G-05.03 Cerchral Mechanisms 4 d a t  
10-77-770-lO0S3-04.04 Cerebral Mechanisms - H d o t  

13-77.770.100-25.0219 Environmental Phvsialoev -Hdot 

04 PSYCO-PHYSIOLOGY 6 BEHAVIORAL SCIENCES TASK AREA 

51 Phvsical Eioloav Sub-oroaram 

10-77-770-103.51.01-01 Effects of Isolation. Senson Oeorivation L Sensorv 
Eearranrement -Hdat 

10.77-770-1CC-51.01.02 Han$mks of Human Factors Methods -Hdot 
10-77-770-lt0-51-01-03 Gioiorical Mechanisms -Hdot 
10-77-770-103-5;-01-04 Characteristics of the Senmentr o? the Human Badv 
10.77.770.1C3-51.C1-05 Eio1ozi:al tiechanisns -Hdot 

i n . 7 7 - 7 7 n . i ~ 0 . 5 : - ~ 2 - 0 ~  t,xt,:t A d a t  

1077-77C-1C3-51-0~-01 2 e n c t e  Control Svstees -Hdot 
W77-770-100-51-03-02 Evaluation ot Advanced Integrated Disolav L Coetml 

1C77~7701t0-51~0?.03 Aivanced Inteerated Disolav L Control Svrtemr -Hdnt 

53 Lifc S u n a o r t  Sub-proqram 

~ ~ 7 1 . 7 ~ C ~ l C 3 - 5 3 - C l 0 1  Ptttosunthetic Gas Exchnnner -Hdat 
lC7;.773-:7>5?.Si.O2 E!zc:rolv:a Cxynen Cenera:or -Hdat 
13.77-775.1CC.53.31.03 Pjrameters Essential for Manned Flinht floeration --Xdot 
10-77-770.1C3.53-G1.0~ lntccrjtcd Human hhintenance Subsvstem --)idot 
10.7)-770-1C3-5jOi.05 C0. Reduction Svstem ,Hdnt 
1~71.77CklOO-53.01.06 Use of Ozonides for Air Revitalization -Hdot 

01 GiOCHEMiCALS TASK AREA 

02 INFOR.SIATION ACOUlSlTlON TASK AREA 

0 3  CONTROLS b O?iRATIONS TASK AREA 

Svstems -HdOt 

61 ATMOSPtiERi CONTROL TASK AREA 

10~77.770~10@.5?.01-07 h!a!allic SuDeroxides 

1077-770130~53.C3.01 eioelcctrochcnistrv 

1077-770160.53-C5-01 Minia:irized TY Camera 

1477-770-1C3-53.CS.01 Gio.Electroeenesis 
10-77-770~100~53~C602 Photosynthetic Gas Exchanner 
10.77.770103-53.0G.03 h m a n  factors Bioinstrumentation 

?C-?7-770-!C3-5? CI-01 Ffz!sa:icn of CDC:!IO~ Dis~lav Parameters 
1577-770.100-53.07.02 Evaluation of Control-Disohv Parametcrr 

03 WASTE DISPOSAL TASK ARiA 

0 2  SYSTEMS STUDIES TASK AREA 

06 BID ENGINEERING TASK AREA 

07 PERSONNEL EQUIPMENT TASK AREA 

-Wdot 

-Hdtit 

4 d o t  

-Hdot 

-Hdot 
-Hdot 

-!!dot 
-H.lnt 

87 BIOSCIENCE PROGRAM 

52 Schavioral Bioloqv Sub-oroaram 
03 BIOLOGICAL INFCRMAllON, CONTPOL. L COMM'JNICATION 

SYSTiMS TASK AREA 
10.87-870-100-52-0343 Sumart of A Computer Teehnolonv Center for Research 

on MNC Comauters --HdPt 
04 EXPi91MENiAL ANALYSIS OF BEHAVIOR TASK AREA 
10.87-870.100.52-0403 Circadian Rhythms in Man Under Controlled Environmental 

Condi tions 4 d a t  

54 Environmental Bioloav Sub-Droaram 

01 DEVELOPMENT OF EXPERIMENTS FOR STUDIES OF SPACE FLIGHT 
ENVIRONMENTAL EFFECTS O N  ORGANISMS TASK AREA 

10-87-a75:109-54-01-03 Study on Effect of Wei~htlessness an Pkotosvnthesis 

10-87.870.1C0.5~.0145 Study of the Use of Funnal Luminescence as a PRvsiaIori- 

10-87-37G.1CC-54-01-06 Growth Patterns of Plants in the Absence of Eravitv Effects 

10-87.870.100-54-01.08 A Workship on Biotelemetry 4 d o t  

10-87-872.163-544144 Prwram of Research in Soace ,Genetics --Hint 

cal Index -Hdot 

10-67-875.iC3-54-01-07 Life Sciences Instrumentation -Hdat 

01 GROUND STUDIES OF SPACE FLIGHT ENVIRONMENTAL EFFECTS 
O N  ORGAhilSMS TASK AREA 

10-87-870,100.54-02-02 Effccts of  Very Stronr Maenetic Fialds and of Mamet 
Field-free Environments on Animals and Man -ti::! 

10-87.370.1CO-54-0207 Research on Pathozcn Free Plants in a Microcosm L on 
the Elect of Hieh lntensitv Light on Plant Growth -Heat 

10-87-870-100-5;02.10 Individualized. Chemically-Defined Diets in Life Suaoon 

10.87-370-100.54.02-11 To investigate the Use of Perognathus as An bperimenial 
Sys:ems Ourinz Space Flinht -Hdot 

-HdGt 
10-87-870.100-54.02.12 Freezinz arid Drvinn of Livinn Cells -Hdat 

Organism for Space Biolonv Research 

10-37-870-100.5~~2.13 Interdisciplinary Studies of the Effects of Soacr Eaviron- 
ments on Biolonical Sistcms -lidat 

10-87.870-103-54.02-14 Diological Effect of Chronic Exoosurr to Artificial Atmos. 
oherer 4 d a t  

10.87-870-100.54-02.15 Ceve:opment of a Superior Diet for Man in SOY( -Hdot 
03 BIOLOGiCAL ANALYSIS OF TERRESTRIAL ENVIRONMENTAL 

EXTPEMES TASX AREA 
10-87.870-100-54-03-01 Suooort of White Mountain Aloine Research Station 2 

Study of the Phvsiolonv of Natural High Altitude Hibrr- 
mtine Animals -Hdat 

04 EiFECIS OF SlMilLATED EXTRATERRESTRIAL ENVIRONMENTS ON 
EARiH ORGASISMS TASK AREA 

lD.87-870.:00-5404.03 Biochemical Activities of Terrestrial Microorganisms in 

10.87-870.100-54-04.0~ Research on Life in Extraterrestrial Environments -Hlot 
10-87.670.100.54-04-05 Effects of Y e n  Strong Maenetic fields and of Magnet 

Ficld4ree Environments on Animals and Man -Hdot 
05 STUDIES OF BIOLOGICAL MATERIALS L SYSTEMS FOR USE IN 

SPACE TASK .AREA 

Simulated Planatan Environments -tidct 

10~87~870~100~54~C541  Phvsiolopical Effects o f  Weinhtlessnesr and Soace Radi- 

10.87.870.1CO-53-05-07 Plant Leaves :or the Production Of in a Closed 

10.87-870-100.544548 Sucoort of White Mountain Alpine Research Station & 
Study of the Phvsio;onv of Natural High Altitude HIber- 

10-87.870-100.54Q5-11 Utilization of Bio.electric Potentials -lidat 

afions on Hibernators -HdJt 

Svstein -hi!Gl 

mtinn Animals --HdPt 

B-5 



TASK CROSS INDEX BY (HSTALLATION 

55 Exobioloav S u b - p r o o r a m  
01 ~ V O I L ~ I I ~ N A P I  & TWFORZTICAL BIOLOGY TASK ARF4 91 MA>:>:ED SPACECRAFT SYSTEMS PEGRAM 
10.97 :7O.IC3-:5 01.01 
10.87-8?0-lC3-55~01-03 StuCics on 160 Hill Reaction Activity of SoL:!e C.:!s:o- 19 Conirol Svr tems Sub-oroaram 

10.67-57C.133.55.01-0: hfolecular ivolution --i!.kt 10-91-4:0-101-~3-55-14 Manual and Semi-Automatic Guidance L Navir. Tcchniouer 
10 57-675.lC;-55.014S 
10.87.&70.135-55.01.10 Dynmic Systems Response o f  the Perfornance Chxac- 23 Data  Handlino & Processina Sub-aroaram 

10.87-370-1C~.55.01-11 Kolccular Escrzetics -HCct 1O.ll-Sic-101-23.3J-03 Techniaues for Ccncratian of Troublrrhnotinw fuidns 

l@.S7-~73. l i , . : jOl- lC SP;CC Gicscicncc Irislitutc - K i t  !G-91-9i0-101.:3.C613 Grcund Disilav Tcchninues 4 d o t  

10.87~~70~1CD.:5~01-18 Refkction Spectra. hleieorite Analvsis and Chemical Ivo- 10-51.5:3.13!.2:~:C5 Predictoi Displays for S~;ce Vehicles -Hbot 
rlJ-E:-t::.liZ.::.31-:9 E,iol-tiin a: Enivmes on thcleic Aciis -}!<tit lG.St.Si0.11rl-23-09.06 Flight Disilrv and Control Inteention for Manned Soacr- 

16 Ei.6:J-:C3-55.3?.i0 Physics of  C e I I u ' x  Synthesis. Grorth and Division -Mat cratt --Hdat 
-0: IF;jTi.U:.:CliTAi;ON FOX DETECTION OF EXTRATERRESTRIAL LIFE & 10~91.9;0.1Gl-23-C9-07 In-FIinht lob Aids -Hdnt 

StLlies o f  Extremely small relf.reolicatinn Svstems--H:it 

p!.xt Extrxts -tX 06 NOT PiBGPiED TASK AREA 

t~icroraeC:iG3bo:occtN of Piments P Orzaiic no!ecz!zs 

tci;sycs Df c3-" I:.:". o:.. I vlu,,hjj~i;~! Systems cf 1iiki;jt oc coMPiiT:aE r DISPLAYS TASK AREA 

10.37.8i3-1~3.55.0113 Ore~nic Ccsnochemistrv --Hict 06 En1 PFPOPTFD TACK APFA 

10-~7-3i3~1CS.55-01~15 Primcval Svotkesis 0 1  Parohine4ke Substances -Hd;rt 09 P2ED:CTOP DISPLAYS FOR SPACE VFHICLFS TASK APFA 

. L I F i - K E L A i i 3  COIAPGUKDS l k J K  AREA 
10~97-CiO-lC0-55~C?~l Cv:xhtcic;l Studies of Planetaw Mi:rocrzanisnt -Hi01 49 Humcn Performance & Behavior Sub-oroaram 
10-&7-8~3~1C3~55-0202 Oetectiun t f  IAicroornanim on Other Pltnctr --HC:t 01 PEiliE3T:GN TASK AREA 
10.S?.S;J.lC?-55tZ-03 Ral imtcc lc  Prcbe for ExiriSerrestrial Life -M:1 1C.51-310-101-;9-ll-67 Human Engineering Desien Criteria for Soaca Svrtems 
13.87.670-lt:.55.t2frJ A h i i c r o x w k  system far biolorical research -Hd:t 01 MAINTAIHISC ASTRONAUT ALERTNESS TASK APE4 

1 0 - 9 i . e 7 3 ~ 1 C ~ ~ 5 5 - 0 2 - 0 ~  Detcctian of  fxtr2:errestrial Life bv Ociical Ro:Sian--Hlat 10-91-910.101-494449 Maintainine Astronaut Alertness 4 d a t  
lO-;;.57~-1G!~.: 3-C2.07 De!ectian of Ertratcrrestrial Life bv UV Spectr;me:n 
10-37-675-1C3-55~32-0a Indcntificition of 0re;nic Matter bv Mass Snectrometw 
10.87.870.lC3-55.02-10 Cctection of  Extraterrestrial Life bv "1" Bands -Hdot 

oa S?~C~ROSCOP:C S T U ~ I E S  OF PLANETARY ATMOSPHERES a 

10-&7.870.1C;.55-0?.01 IR P l m t m  Observations in the Strrtmhere -titilt 
13-&7.C;J-lC3.55.3j.02 IS  Planekw OSservitin in the Stratosahere -tilid 
CJ EXT2ATE2RESTRIAL SAMPLE COLLECTION 8 ANALYSIS TASK ARLA 
lC.87.&70.1L;3-55-0:-01 In.fliEbt Phatcnrauhv and Recoverv of ketaorites -#dot 
lC.S7.870-1C3-55-0:402 Smolinn fcr Microbss in the Stritossherc -Hi;: 
1;-~7.S7:.1C3-:5-C:.03 An;!vsis for Hvdrocarbons in Ginera1 Anereeater --iiilat 
lO.e7.870-1CS.55.O:C4 Biogeochemical Studies of  V!e:eoriter -titilt 
10~87-S70-1G3~55.E4G5 Deveioemcnt of Upper Atncsptere Sampler --Hist 
1 0 - & 7 ~ & 7 0 ~ 1 C 3 ~ 5 5 ~ 0 ~ ~ 6  Acdysis of Czrbanaceous Meteorites A d a t  
lO-~I.e7t-lC?-55.3;-37 Hydrccarbon Analrsir in Dctection of Lifo --Hdot 

SUZFACES TASK AREA 

10.&7-570.1C3.55C:-08 Kc:ecri& StaCics --iidnt 
O S  STEEILIZATIGN OF SPACECRAFT TASK AREA 
10-97-370.lCJ-55C5-01 Sterilization o f  S o w  Prober -HdOt 
10.67-870.1CO.55~5-32 Sterilization of Soacecraft -Hdn: 
10.87-870.100-55~5.~6 Viabilitv 01 Organisms in Simulated Soace --Htot 
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TASK CROSS IKDEX B 

21 AMFC RFSFAPCW CFNTFP 

77 HUMAN FACTORS SYSTEMS P R O G R A M  

06 Advonccd Conceots Sub-oroororn 

21-77.770.100460101 Use and Exoeriments Studv for Manned Orbitinr S o a o  
S:ation J m e s  

01 $YSTEMS ANALYSIS TASK AREA 

49 Human P e r f o r m o n c e  8 B e h a v i o r  S u b - o r o a r a m  

21-77.770.100~1.01-01 Ncurohormonal Studies as Related to Soace Flight Stresses  
21-71.770.100.49-0102 Pituitzrv ChemistN -Ames 
21.77-770.100494103 Research in Cerebral Neuroohvsiolonv and Its ADolications 

in Monitoring Behavioral States -&mes 

21.77-770.100-49-0241 Vision. Circulation and Respiration under Sustained Ac- 
celeration -hies 

21.77.770400-4902-02 Study of Long.Term Effects of low G.:oadinc on Mammals 

21-77-770-100-4902-03 Metabolism of Animals as Influenced bv Soace Environ- 
mental Conditions -drnclr 

21-77.770.100-49.0243 Radiation Oosimetrv and Measurement - h i e s  
21-77-770.100-494205 Theoretical Studv o f  High Enerw Radiations in Relation 

to Biological Svstems - h e r  
21.77-770.10049-0246 €ffec:s of Hinh G Loadine on Metabolism - h & S  

21-77.770~100.4902~07 Pathological Studies on the Brains of  Mice and One 
Monkey to  be Exoosed to  Cosmic Radiation in Hirh Ai:i:nds 
Balloon Flights - h e r  

21.77-770.100.49-02.08 Soace Phvsiolon (Extension of  NsC 139.611 - A m %  
21-77.770.10049-02-09 Histeooathological Studv of the Effect of Fission Frat- 

ments on the Central Ncnous Svstem and Selected Orracs 
(NAS 2.13361 --:mer 

21.77-710.1004942-10 Parametric Studv of Flight-Induced Pulmonan P~:~O!OQV 
21.77.770.10049-02-11 Eiectroneurophvsiologica~-T~k Performance Correla:es 
21-77-770-100-4942.12 Siolorrical Research with H e m  Ion Beams A n a  
21-77-770-100-49-02.13 Oosimetrv of Hiah Lnern  RaGiation d m e s  
21-77-770.100-;9.02-14 Post-Mortem Clinical Analvsis of Biological Soecinens 
03  BIO MEDICINE 6 PERSONNEL SELECTION TASK AREA 
21-77-770-10049.0341 Owlar Imoedance Plethvsmoiraohv d m r e  
04 PSYCO-PHYSIOLOGY & BEHAVIORAL SCIENCES TASK AREA 
21-77-770-100-490401 Auditorv Perception During Soxe Mission --drnes 
21-77-770.100-499442 Visual Perceotion Durinn Soace Missions -Arne$ 
21-77-770-100.45-04.03 Decision Making in Soace Svstem Ooeration -Amer 

51 Phvsical 6iOlOQV S u b - p r o q r a m  

11.77-770.100-51-01-01 Skilled Performance in Soace Vehicle Control -,tines 
21-77~770~100-~1~01-02 Communication in Soace Ooerations -Ames 
21.77-770-100-51.0143 Pilot’s Ability to Cooe with Sudden Chanres in the Con- 

trolled Cement -Ames 
21-77-770-100-514144 Aoolicitian o f  Reliabilitv Theon to the Allocation of 

function Between the Piiot and the Vehic!e Svs!ems--Aaes 
21-77-770-100-5141-05 Problem Areas Associated with Flight Through Turblilent 

Air d m e r  
21.77-770-100-51-0106 Vestibular Motion Cues Used by the Human Pilot -times 
21-77-770-100~514107 Human Pilot Control Prcblems in a Manned Plm!arv 

Landing 4 m e r  
21-77.770-1C0.51-1-08 Cesien Principles for Oisolav and Control Svstems for 

Recovery from Unusuai Attitudes -Ana 
2~-77-770-100~514149 Human Pilot Control Problemr in a Manual Abort of a 

Lunar or Planetary Mission -&xes 
21-77.170-100-5141-10 Effects of Individual Environmental Stresses of Sorce 

fl izht on Huaan Filot Performance -Ames 
21-77.770-100-5141-11 fi iolo~ical Control Systems-A Comorehensivr and Critical 

Review of the Field -Amcs 
2~.77-770-103-51-01-12 Utilization of Bioelectric Potentials. Suooort Pbasr I 
02 ~ N ~ O R M A T I O N  ACOUISITION TASK AREA 
21-77.770-1C0.5102-01 Oocrator Selection for Soaco Missions -Ames 
03 CONTROLS L OPERATIONS TASK AREA 
21-77.770-100.514341 DeveloDment of Phvsiolozital Montiorinr Enuioment for 

Use in Motion Flight Simulators and Aircraft -Aces 
21-~7-770.100~519342 Piloted Siinulator Requirements for Effective Research. 

Development. and Traininn -Arne$ 

01 PERCEPTION TASK AREA 

02 ENVIRONMENTAL PHYSIOLOGY TASK AREA 

(mice. rats. etc.1 -Ants 

01 BIOCHEMICALS TASK AREA 

Y INSTALLATION 
53 Life Support Sub- ta rowam 
01 ATMOSPHEOE CONTROL TASK AREA 21-77-770-100.53 0141 Heat Renulition at Reduced Pressures -Ames 

21~77~770~100.53~0102 Rcwnerative Characteristics of Adsorberr Used in En. 

21-77-770.100.53-01-03 C!osed Life S U D D O ~ ~  System Ootimization Studies -Ants 
21-77.770~100.53~0144 Etfectr of High Oavgen Tensions On Central W w J s  Svstem -Amcs 

vironnental Control Svstems -Ami% 

03 WASTE DISPOSAL TASK AREA 
21.77-770-103.53.0301 Design Construction and Test of an Inteerated Human 

A c s  Maictenance Subsvstsm 
04 PIOTECTIVE DEVICES TASK AREA 
21-77-770-100.53.03.01 lmorovement of the Ames S U D D O ~ ~  and Restraint SYstrm 
21-77-770100-53-04-02 Anthropometric Oevices for Planetaw ExOloratlOn -Am:$ 
06 BIO ENClNEERlNG TASK * R E A  
21.77.770.~0~.53.06.01 Arterial Pulse Pressure far Oximeter Telemetrf 
21.77.770.100.53.06.02 Study and Evaluation o f  PsrchoohYsioloeic~l 

TechniGues for Use in Advanced Aarosoacc Missions 
21.77-77&100.53.06.03 Biological Oesinn S:udies of Man 

87 BIOSCIENCE P R O G R A M  

52 Behavioral Bioloav Sub-proaram 
01 EFFECTS OF THE SPACE ENVIRONMENT O N  BEHAVIOR TASK AREA 
21-87-870.100.52.31-01 Gehavioral Effects of Rotation and Acceleration -Ames 
21.87-870-100-52.0102 Neuroendrocrinological Aspects of the Inter-relationshiDs 

Between Biological Rhythms and the Strarsss of SDace 

-Amas 

f l izht -A-s 
02 NEUROLOGICAL 80 BIOCHEMICAL BASES OF BEHAVIOR TASK AREA 
21.87-873-103.52.02.01 Plrvsiolonv of Vestibular Nulceus --Cmes 
21-87-~70-1C3-52.0202 “End Points” in Neural Organization -Ames 
21.87-870-100-52-02-3 Vestibular Brain Mechanisms -Antes 
21-87-870.100-52.02-04 8iochemical.Eiectrical Intcrrelationshios in Simolc BialJP- 

ical Information Storace Svstems d p U S  

21$7-273-153-52-0M1 Learninz and i)ircrimination of ProbabiliW Schedule 
21-87.870.1CO-52.0402 Environmental Determinants of  Deiiavior --Pmes 
21-87-870-100-52.34-03 Control of Complex Oehavior in Infra-Human Orcanisas 
21.87.870-1CO-52.04-05 Oevelooment of an Empirical Calculus of Reinforcement 

Value 4 0 s  

04 EXPERIMENTAL ANALYSIS OF BEHAVIOR TASK AREA 

54 E n v i r o n m e n t a l  8 i o l o ~ v  S u b - o r o a r a m  
01 DE’IELOPMENT OF EXPEIIMENTS FOR STUDIES OF SPACE FLIGHT 

ENVIRONMENTAL EFFECTS O N  ORGANISMS TASK AREA 

02 GROUND STUDIES OF SPACE FLIGHT ENVIRONMENTAL EFFECTS 
O N  0;IGANISMS TASK AREA 

21-8~-070-130.5~-0145 Instrumentation o f  Small Animals for Radlstion Detection 

21-87.870-100-51-02.01 Effects of  low Magnetic Fields on Livine Material --Cmes 
21-87-870-100-54.02-02 Amelioration of  Radiation Effects by Oietan Control-Amcs 
21.67-870.1CO.5J.02-03 Enect of High Mannetic Field on Living Material -Ames 
21-87-870-lCO.55-02.05 Radiation Protection by Aitcralion of 6-1 Function -Amcs 
21-87-870-100.53-0206 Study Long4erm Effects of low G4oading on Plants-Anes 
21.87-670~100~54~0208 Study Long4!rm EHects of Low C-loading on Single- 

celled Systems - A m  
21-87.870.100-54.0249 Study the Direct Effects of Alpha Particlo Radiation on 

the Rat Brain -Arne$ 
21.67-870-lCO.53.02-10 fi iolo~ical Effects o f  Ground Based ionizing Radiation 

a-rays) - h e r  
21.87-870-:00.54-02-11 Etects of Simulatcd Extraterrestrial Conditions on So- 

niatic Mitosis andlor Mutation Rats d m e s  
21-87-870-130.55-02-12 Effect of Space Voyage Stress on Synthetic Metabolic 

21.87-870-100-54-0213 Niicleafide variations o f  certain tissues in Response to 
Some Environmental Alterations -ADKS 

21.87-870-100.54-02.14 Protein Synthesis of Different Tissues of the Rat in 
Response to Various Corticoids - h r r  

21-B7-870-100-51-02~15 Roentgenouaphic Estimation of Bone Age in the Cyao- 
molzus Monkey -Ames 

21.87-870.100-54-02-16 Effects o f  Simulated Extraterrestial Conditions on Immune 
Mechanisms -Amec 

Processes -AMS 

21-87-870.100.53.02-17 Enclosiire Monitoring 01 Fibrinolysis -Am$ 
04 EFFECTS OF SIMULATED EXTRATERRESTRIAL ENVIRONMENTS ON 

EAITH ORGANISMS TASK AREA 
21.87.870-100.54-04-02 Effects of Simulated Planetary Environment on Euth  

Oreanisms -Arne$ 

05 STUDIES OF BIOLOGICAL MATERIALS I SYSTEMS FOR USE IN 
SPACE TASK AREA 

21-87-870.100.54.03-06 Incorporation and Metabolism of  Nitrogcn by Plants 
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2167.870~100.54.054~ Comparative Elects of Protoits an i  X IIYI on !n!?rlin.al 
[niury and Recovery in the Rat. DOE. Cuinsr fir. and Hi- 
bematinl Mammals -Amas 

55 Exobiolosv Sub-proqram 

21.67-87O-lC: 5541-04 Synthesis of Protein hficrorpheres to Sene as A Ccll 
Model f!r Research on the OriZin of Life. rtc. - A m $  

21.87.870.100.55.Q1-06 Chemistry of  formation of 8iolJnicallv.slrmffcant h!ola- 
tules UnCer Primitive Lwth and Extraterrestrial CGnditioas 

21.87.870.100.550107 Properties of Monolavers of Cell Membrana ComDoncnts 
at Liauid Interfacat --Am 

21.87.870.100.554108 PhvsicoXhenical Proocrtics of Artificial Multilavrr Svstems 
21.87.8;0.100.5541.10 Effects of Extraterrestrial Conditions on the Metaboliri 

of Tissue Maintained in Culture --Arne$ 
21.87-870.100-55.01-11 Factors Controlling the formation of Hcreditarv Materl;ls 
21-87-870.100.5501-13 A Study of Molecular Structures and Rea;timr Occurrint 

in Biological Systems Irradizted with U1:raviolet light 
21.87-810.100-55-01-14 Study of Smallest Replicatine Units of Henditv -Amel 
21.87.870~100.5501.15 The hlechanism of Radiation-Induced Delav of Cell Divlrion 
21.87-870.1CO.55-01.16 Radiation Effects on Photosynthetic Organisms --Am 
21.87-870-100.55-01-17 Lipid involvement in Photosynthesis -Arne$ 
21.87~870.100~5501-18 Structure o f  Nucleic Acids of Viruses --Amel 

01 EVOLUTIONARY L THEORETICAL BlOlOGY TASK AREA 

02 INSTRUMENTATION FOR DETECTION OF EXTRATERRESTRIAL LIFE & 
LIFE-RELATED COMPOUNDS 1ASK AREA 

21-87470-100.5542-05 Life Detection in Plarietary Models and Slmulaton - h e r  
21.87-870-100.5502-12 l i f e  Dctection Ocvices d m t :  

21-87-870-100-554401 Provide Laboratory and Suitable lichnolony tor Oetailed 
Analysis of Returncd Extraterrestrial Samslss -Ames 

21-87-870.1~.550403 Analysis of 810-organic Materials of Ertntrrr~strhl Oriain 

04 EXT11ATERRESTRIAL SAMPLE COLLECTION L ANALYSIS TASK AREA 

2l.87-870.100~5544.18 Isolation 01 Viruses and Bwtarlr --kntr 

TASK CROSS INDEX BY INSTALLATION 
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